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 ˋş, mSjƐ°+¥C@Ɛ°ïʑ(&, Ɛ°.Ɛöɬă˥®DĈ8Ɛ°sT
h;̌ÍȰTt\QsMiaoSʽDßȥ Ǥ¥Ɛ°ïʑ.˴Ȳ˖9
>A&
@., A>.aoSʽ/ IgG(Ǭˈ&ʕȏȫƹ˵Ƚ, ïʑ(&.Ǵ
ȱìǍ;ȥˑ˹>A&
@(ʴ̕(*#&
@. 
  
 aoSʽïʑ.ʕȏȫƹ˵DŤ˲@ƳǶ(&, Streptococcal Protein G.Gt}ɬ
ăiI (ABD) Dˠ«ĺŘľȵ+ʔă@ƳǶĥĊA&
@. ABDD¢&aoS
ʽïʑDʕȏȫƹ˵.˲
ʕȆGt} (SA) +ɬă@:.'	?, Ɛ°sTh;
£.aoSʽïʑ+
&.ìǍŃʬA&
@. , ABD/|J\.°Õ'ƐöŻ
D:$(ĥĊA&?, ʃšŷȥ.̀+ǁ,ÍȰûŷDſˀ@(ƅŸA@. 
  
 ǅȿɐ'/, ABDD¥ƽ@Ûĺ(&, phaoSʽD˂Ħ(&ƧĭDʖ
, SA+ɬă
@ ŘphĞaoSʽDű@(DȷƘ . phaoSʽDƧĭ@ƳǶ(&, Ûĺ
TsfHT(=0A@aoSʽŘľȵƋǶDȥ
 .  
 
 ÛĺTsfHT/̗­ ˥Ûǜ˔D:$aoSʽ˵'ǣɾ˥®Dɋǖ@ƳǶ'	
?, ȟě6'+˭ŗɬă˥®, HIV-I. CD4ɬă˥®, p53. MDM2ɬă˥®D£.aoSʽ+
ɋǖ@(+Ɔè&
@. .ÛĺTsfHT.ƋǶDȥ
@(', ɨʌȧǈ.G
t}ɬăiI.ɬăǝťDǟÀ  ŘphĞaoSʽDýű@(Dǅȿɐ.ȷ
ȵ( .  
  
 ÛĺTsfHT+=@ph SA (HSA) ɬăŻ ŘphĞaoSʽ.ʫʨ+
&, ǜ˔
IsM|fHS\.ƋǶ+=?, ƿŇ(ŹCA@ĭȮD˻ĮɌţ.ʣĎŻD:$ Human 
APAF-1 CARD (hAC) ĭȮ°Dýű . Ǥ+, 1ǧĤ$ɬăǧĤDˍé@ƇȬ+=?, hACĭ
Ȯ°. HSA+Ŏ@ʣĎŻũîA, aoSʽïʑ.ʕȏȫƹ˵DŤ˲@.+ÊÛ*
:.( . 6 , hACĭȮ°. HSAɬă˥®/ GA module(Ąǝ.:.'	@(ɕăʮ̝
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ŘphĞaoSʽ/ɨʌȧǈ HSAɬăŻaoSʽDǟÀ aoSʽ(&ÊÛ*ǣɾ
Dƿ&
@(ɷ>A@.  
  
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!
1. aoSʽïʑ.˴Ȳ(ʕȏȫŻ 
 1982ş+ɪƣĞphI\ɟĚ̘ďïʑďŕ+ƌʰA&¦ǈ, ˠ«ĺɪƣƍ
ʗD̜² aoSʽïʑ.˴ȲźȐ+˖9>A& . ƌʰȇ7aoSʽïʑ+/, 
ɪƣĞ˨ɦ, y, XIhOI, mSjƐ°*)	?, 2008ş. Nature 
Reviews Drug Discovery.ɰʳ+=A0, 130ɍ̗¦.ƌʰȇ7aoSʽïʑ.", 95
ɍ̗¦ˠ«ĺɪƣƍʗ+=#&ʜ˔A&
@ [1]. 
 Ƴ, aoSʽïʑ.˴Ȳ+
&Ŝ+́Ň(*@ʞĖ/, aoSʽ.ʑșíƂ, Ț+
Əů.ȁĵƹ˵.Ƚ'	@. aoSʽ/ǅǈ, ȣ°Õ'Ûʥ(ƝÚDþ;
Ûĺ
'	?, ˲ǁ.ʑȡ±ȥDǰ9>A@ȥˑ'/ìǍ˹>A@(į
. .ē̕/, m
SjƐ°.Ɛöɬă˥®DĈ8Ɛ°sTh;, ̌ÍȰTt\QsM
iaoSʽ*)Dßȥ Ǥ¥.Ɛ°ïʑ.˴Ȳ+
&̖ʎ+ʚA&
@ [2], [3].
³0, ph+@ IgG.ʕðȈǁ/ɤ 20 ƶ'	@, Ɛ°sTh.ʕðȈǁ
/Ʈƹ˵Ɍţ'	@ [4]. ȥˑ+ŷ ʕȏȫƹ˵.Ť˲/¡ů.aoSʽïʑ, Ț+Ǥ
¥Ɛ°ïʑ.˴Ȳ+
&ý?ɪ6*A0*>*
ē̕. 1$'	@. 
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2. aoSʽïʑ.˴Ȳ+@ʕȏȫŻ.ƧĔ 
 aoSʽïʑ.ʕȏȫŻDƧĔ@ƳǶ(&, {LcTW (PEG) ɘ.
îľ»̙, ˠ«ĺŘľDȥ
 IgG. Fc̒ġ=1ʕȆGt} (SA) .aoSʽïʑ
2.ʔă, SAɬăŻaoSʽ.ʔă+=@aoSʽïʑ( SA.˵Ơȵ*ɬăĥĊ
A&
@ [5].  
 PEG.îľ»̙/aoSʽïʑ.ʑșíƂ.ƧĔ+
&ƾ:ÿ>ȥ
>A&

@ƳǶ'	?, 1990ş+ PEGî adenosine deaminaseƌʰA&¦ǈ [6], 2010ş'/ 8ɍ
. PEGîaoSʽïʑƌʰA&
@ [7]. 6 , Fc̒ġ=1 SADʔă@ƳǶ:ʕ
ȏȫŻƧĔǶ(&ƿì'	@(ȼ>A&
@. TNF-α Receptor II.ĀȎŻɨɽĮi
I( FcDʔă EtanerceptD/9£ 4ɍ. FcʔăaoSʽïʑƌʰA&
? [8], SADʔă Interferon α-2b, coagulation factor IX, HER2 + HER3 specific single-chain 
FvAAʃšʮ̝. Phase III, Phase I, Phase I/II.ǩ˿+	@ [5]. , ʃšŷȥ.ǩ
˿+	@:.., PEGî=1 Fc̒ġ=1 SA.ʔă+/ē̕:ļě&
@. PEG.î
ľ»̙+
&/»̙˥®.ĝŻ+=@ʑì.ĭîDˡ@(ė̇'	@. 6 , 
PEG/ʇȵ+ȣ°˝ăŻ̞, ¯ǫŻ'	@(ȼ>A&
@, ʀʂ2.ʏɎ+¬ǫ
ŻƘƥA&
@ [9].  Fc̒ġ=1 SADʔă@ƳǶ'/, Ûĺˬ.Īı+=@ɪɴ
ɋʖŻ.¯ʴ̕(*#&
@.  
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 Ƴ, ʃšŷȥ/ƾ:˗A&
@, SAɬăŻaoSʽ.ʔă+=@aoSʽïʑ(
SA.˵Ơȵ*ɬă/, PEG.îľ»̙+7>A@»̙˥®.ĝŻ; PEG.ǫŻ2.ƅ
Ÿ,  Fc̒ġ=1 SA.ʔă+=@Ûĺˬ.Īı(
# ē̕*
(>, ˋş, ¯Ûĺ
ˬ.aoSʽïʑ.ʕȏȫŻDƧĔ@ƳǶ(&ƿçʡA&
@.  
 
3. SAD¢ aoSʽïʑ.ʕȏȫƹ˵.Ť˲ 
SA/ʕȆ+ƾ:įĈ6A@aoSʽ'	? (50 mg/ml (600 µM), ph+@ʕ
ðȈǁ/ 19ƶ(ʕȆaoSʽ.'ƾ:ʕȏȫƹ˵˲
 [10] .  
SA .ʕȏȫƹ˵˲
ȡȧ(&, SA ɤ 66 kDa .̞Ûĺˬ'	?ʀʂ.ɢȠ°+
B˙A*
(, ʕɛÕȶɨɽ.ƲȣÎ Fcþň° (FcRn) D¢ ʕXIST+
=? SA``~'ÛʥA@ɫ˃DˎA&
@(ƙ>A@ [11].  
SA.˲
ʕȏȫƹ˵Dßȥ, aoSʽïʑ( SA.˵+̌ÒƿɬăDūƆ@(
', ʕȏȫƹ˵.Ƚ
aoSʽïʑ.ȏȫƹ˵DŤ˲@(ɄA&
@.  
SAD¢ aoSʽïʑ.ʕȏȫƹ˵.Ť˲ƳǶ(&, SAɬăxuci.ao
Sʽïʑ2.ˠ«ĺŘľȵʔă [12], Ɛ SAiIƐ°.ʔă [13], [14], Streptococcal 
protein G. Albumin binding domain (ABD) .ʔăĥĊA&
@. ABD.ˠ«ĺŘľȵʔ
ă+=@aoSʽïʑ.°ÕȏȫŻ.ƧĔ/ 1996ş>ĥĊA&?̢soluble 
complement receptor type 1, single-chain diabody.ʕŀłŻDĆ@(ĥĊA&

@ [15], [16]. 
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4. ABD+=@aoSʽïʑ.ʕȏȫŻŤ˲.Ûĺǣǜ 
ABD/ Streptococcal protein G. Albumin binding region. CǄɔÄ+®ɵ@ 46ǧĤ.
ŒĞiI'	@ (Ę 1) [17]. 2011ş+ Andersen>/̢ABD/ SA. FcRn(.ɬăD˸
Ň+̢SA(̌ÒƿɬăDūƆ@('̢ABDDʔă aoSʽïʑ.ʕȏȫ
ƹ˵DŤ˲&
@(Dɍ.˸Ňʮ̝+=?Ƹ>+  (Ę 2) [18]̣ABD( HSA
=1 HSA( FcRn.ɬăǝť.ʥƸ:˖9>A&?̢2004ş+ǱłA ABD.y
T'	@ Finegoldia magna Protein G related Albumin binding domain module (GA module) 
(ph SA̠HSA̡ .ʝă°ɬƻǜ˔ [19],  2013ş+ǱłA HSA-FcRn.ʝă°ɬƻǜ
˔ [20] >, GA module GA module/ HSA.iI II+ɬă&?̢HSA.iI
 I, III+ɬă&
@ FcRn(ɬăXIh˪ʝ&
*
(Ƹ>+*#  (Ę 3). 
¦+	@=+̢ɨʌȧǈ HSAɬăŻaoSʽ/̢SA(.ɬăD¢ aoS
ʽïʑ.ʕȏȫŻƧĔ+
&ƾ:.ǣǜƸ>+*#&?̢ɍ.aoSʽ
ïʑ+
&ìǍ	>A&
@(>̢¡ů.aoSʽïʑ.˴Ȳ+
&ƿç
*Ûĺ'	@(
@̣ 
Ƴ, Sjolander>+=A0, ABDDʔă xuciD|J\+Ə@(, ʔăxuci
+Ŏ@Ɛ°Ȥȣˀ@(ĥĊA&
@ [21]. A/, ĎƐ°.Ȥȣ+=@a
oSʽïʑ.ʑì.¯, GjsHQZZdSɘ.˪ɞ*ÍȰûŷDſˀ@ĀɾŻ
	@(DƀČ&?, ABD Dßȥ aoSʽïʑ.ʕȏȫŻƧĔ+
&
ABD.ÍȰöŻ.ʥǱŵʞ(A&
@. 
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Ę1. Streprococcal protein G+@Albumin-binding domain (ABD) 
Streptococcal protein G/NǄɔÄ.Albumin-binding region(CǄɔÄ.Immunoglobulin
-binding region+ÛåA@. Albumin-binding region/BB, ABP, ABD+ÛåA, Albu
min-binding region.ƾŒò®'	@ABD/ɤ5 kDa.ŀł 3helix-bundleǜ˔D:$. 
Ę2. ABDDʔă aoSʽïʑ.ƲȣÎFcþň°  (FcRn) D¢ ʕXIST  
(1) ABDDʔă aoSʽïʑʕ'SA(ɬă@. (2) LiXIhZ\+=#&ABDʔă
aoSʽïʑ(SAʕɛÕȶɨɽ+ý?ˊ6A@. (3) Li`~Õ.ŧ˩ŻȢĩ'ABDʔăa
oSʽïʑ-SASAD¢&FcRn(ɬă@. (4) FcRn(ɬă aoSʽ/XISTɫ
˃+˘0A@. (4’) FcRn(ɬă*# aoSʽ/``~+@ÛʥDþ@. (5) ʕ.
ŻȢĩ'FcRn(SAʥ̆, ABDʔăaoSʽʕ+ƩÚA@.  
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Ę3. Xɲɬƻǜ˔ʥǋ+=?Ƹ>+*# Gt}ɬăŻaoSʽ-HSA-FcRn˵.ɬ
ăǝť  
GA module – HSAʝă°.ɬƻǜ˔ (PDB ID: 1tf0), FcRn – HSAʝă°.ɬƻǜ˔ (PDB ID: 4k71) +

&HSA.ǜ˔D˪-ăC&±Ɔ. Yellow: GA module, Pink: HSA (PDB ID: 1tf0), Purple: HSA (P
DB ID: 4k71), Cyan: FcRn 
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5. aoSʽŘľ+=@ȮɍaoSʽ.¯ÍȰöŻî 
 ABDD/9( ȮɍaoSʽDaoSʽïʑ(&ßȥ@+/, 4.+	 =
+ĎƐ°.Ȥȣ;ǁ,ÍȰûŷDſˀ@żA	?, Űǈ>ÍȰöŻD¯
@ 9.ƧĭƳǶȿɐA& . 
 .'ƾ:Ɔè&
@³/, |J\mSjƐ°.Ɛöɬă˥®+@ȹʛ
ŻǱł̒ġDˠ«ĺɪƣƍʗ+=#&, phmSjƐ°.ȹʛŻǱł̒ġ(ÏA
ƽ@|J\mSjƐ°.phîƍʗ'	@ (Ę 4) [22]. .ƍʗ+=?, mS
jƐ°.¯ÍȰöŻî+Ɔè, mSjƐ°Dïʑ(&ßȥ@(Āɾ
+*# (
#&:˙ʧ'/*
. 
 Ǥ+ƙ>A@./, ȮɍaoSʽ+@ TɨɽLrhu=1 BɨɽLrhu
.ĭȮőÏ+=@Lrhu.¯ʣĎŻî'	@. A/, ȮɍaoSʽƐöƢɄɨɽ
+ý?ˊ6A, ʞɪɴ˝ăʝă° (MHC-II) (xuci.ʝă°(&voTɨɽ.þ
ň°+ƢɄA@̀+, MHC-II=1 Tɨɽþň°.ʰʷ+ŵʞ*̒ġ'	?, .̒ġ+
ĭȮDé@(' MHC-II=1 Tɨɽþň°.ʰʷDŧ9, voTɨɽ+=@ Bɨ
ɽ2.Ɛ°Ȥȣ.¸˖ɘD˸Ň@:.'	@.  BɨɽLrhu.ĭȮőÏ+$
&/, 
Ɛ°ȤȣDƓ Bɨɽʰʷ@Lrhu+ĭȮőÏ@(', ȮɍaoSʽ+Ŏ
@Ɛ°ȤȣD˸Ň@ƳǶ'	@. A>.ƳǶ'ȮɍaoSʽ.¯ÍȰöŻîDĘ# 
³(&, L-Asparaginase; Immunotoxin. TɨɽLrhu=1 BɨɽLrhu2.
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ĭȮőÏĥĊA&
@ [23], [24], Lrhu.á˻+=@aoSʽ.ǣɾ2.Ŭ̏
;Ʋ *Lrhu.Úȟʴ̕(*#&
@.  
 ¦+ƙ@=+aoSʽ.¯ÍȰöŻî+/ɃɒA ƳǶ	@, A>.Ƴ
ǶD ABD+˝ȥ@̀+/¦.ē̕	@.   1) Ɛ°(Ȯ*?, ABDɬăDƓ˥®/
u̒ġ'/* 2dS\̒ġ'	@. ǜ˔+Ǐ˅ŻD:$u̒ġ(Ȯ*?, ǜ˔
.ę
vdS\̒ġDɋǖ@(/ɋǖË.phaoSʽ.ÛĺÕȹ±ȥ+
@Ŭ̏ı, ɒ°ǜ˔DɯƗ'*
ĀɾŻ̞
. 2) ABD/ 46ǧĤ.ŒĞaoS
ʽ'	?, 46ǧĤ.7' SA2.ɬă( 3-helix bundleǜ˔.ɯƗDƓ#&
@. $6?, Tɨ
ɽ=1 BɨɽLrhu.ĭȮőÏDʖ(/ SA2.ɬă(ǜ˔ŀłŻ.ɸ+
@Ŭ̏ı
(ȋA@.  
 
 
  
Ę4. |J\mSjƐ°.phîƍʗ  
ȷȵ.Ɛö+ɬă@|J\mSjƐ°.ȹʛŻǱł̒ġ (CDR) D, ˠ«ĺŘľȵƋǶ
Dȥ
&phmSjƐ°.CDR(ɵƣ@(', CDRD˻̒ġ.G}m˩˦ÝDp
h˦Ý+ phîƐ°Dýű@. .ƍʗ+=?, |J\mSjƐ°Dph+Ə
 ƹ+@ÍȰûŷDıŝ+¯Ȉ@(+Ɔè . 
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6. ÛĺTsfHT+=@ ABDD¥ƽ@phaoSʽ.ʫʨ 
 ABD.¯ÍȰöŻî+@ē̕/,ŒĞiI+Ŏ@ Tɨɽ=1 BɨɽLrh
u2.ĭȮőÏ'/ǣɾ(ǜ˔2@Ŭ̏ı
(,   vdS\̒ġ.phao
Sʽ2.ɋǖ:ɋǖËaoSʽ2.ÛĺÕȹ±ȥ2.Ŭ̏ı
(+	@.  A>
.ē̕Dĕˡ@+/, ǜ˔Dıĭ@(* HSAɬă˥®DphaoSʽ'
×ȟ@=*Ƨĭƿì'	@.  
 .=*ƧĭDŃȟ@ƋǶ(&ÛĺTsfHTƙ>A@. ÛĺTsfH
T/, ɬăǧĤDȮ*@aoSʽ+ɋǖ@(', 	@aoSʽ+@ɬăǧĤ
D£.aoSʽʚ̍'ǟÀ@ Structure based Design.ƋǶ'	@ (Ę 4). ¡6'+, ˭
ŗɬăXIh, CD4. HIV-1 gp120ɬăXIh, p53. MDM2ɬăXIhD scorpion toxin+
ɋǖ@(+Ɔè&
@ [25]–[27]. 6 , HIV-1 gp41. CǄɔ̒ġD GCN4IZ[
do+ɋǖ (:ĥĊA&
@ [28].  
 ¦.=+, ÛĺTsfHT/aoSʽ+@ɬăXIhD£ɍ.aoSʽ
'×ȟ@ƳǶ(&ɃɒA&
@. ÛĺTsfHTDʖ̀+/, 9aoS
ʽ(Pi.ʝă°ɬƻǜ˔ɘ.ȹ±ȥǝť+˶@Žĥŵʞ'	@, ABD(
HSA.ȹ±ȥǝť+˶&/yT'	@ GA module( HSA.ʝă°ɬƻǜ˔Ǳ
łA&
@ [19].  #&, ÛĺTsfHT/ɨʌȧǈ SAɬăiI. HSA+
Ŏ@ȹ±ȥǝťDphaoSʽ'×ȟ@'ŃȟĀɾŻ.̞
ƋǶ'	@. 
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 6 Ąƹ+, ÛĺTsfHT.ƋǶ+
&ɬăXIh.ɋǖË(&, phao
SʽDßȥ â³/ȼ>A&
*
. ȡȧ(&, aoSʽŘľ.ƋǶ(&.ÛĺT
sfHTDɃɒ@ǩ˿+
& Scorpion toxin*).ŀłŻ̞
aoSʽÉË
ȵ+ȿɐŎʹ(A& (ơȋA@. $6?, phaoSʽDɬăXIh.ɋǖ
Ë+ßȥ@(/, ÛĺTsfHTDaoSʽïʑ.ÍȰöŻDĕˡ@Ƌǩ(
&Ƀɒ@'˪ʞ*ʮ7'	@(
@. 
  
7. ǅȿɐ.ȷȵ 
 ɖ 1ɓDɰƖ@(, ǅȿɐ.ȷȵ/ ɨʌȧǈ SAɬăiI'	@ Streptococcal 
Protein G ABD:/ Finegoldia magna GA module.ɬăǝťDǟÀ phĞaoS
ʽDʫʨ@('	@. ʫʨA aoSʽ+ǰ9>A@Żʽ(&, 1) HSA2.ɬă
çaoSʽïʑ.ʕȏȫƹ˵DŤ˲@.+ƿì*ũţ (ʥ̆łƮ KD < 600 nM) [5]'
	@, 2) HSA2.ɬăXIh FcRn(.ɬăD˸Ň*
®ɵ+	@(, 3) ȣ°ÕȊţ
+
&ŀł ǜ˔DɯƗ@(, 4) ɬăǝťDǟÀ@Ŏʹ'	@ GA module(Ǭˈ
&ÍȰöŻ¯
(ǁŮA@(, ƙ>A@. ǅȿɐ'/, ÛĺTsfHT
+=@ HSAƠʦǧĤ.ɋǖ+=?, A>.Ǉ§DȌ phĞaoSʽDʫʨ@
(DȷƘ  (Ę 5).  
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Ę5. ÛĺTsfHT+=@SAɬăŻ ŘphĞaoSʽ.ʫʨ  
A. ÛĺTsfHT.Ǜʞ. ȷȵaoSʽ+@Pi(.ƠʦǧĤD, ̗­ 
˥Ûǜ˔D:$£.aoSʽ+ɋǖ@(', ȷȵaoSʽ.Piɬă˥®D
£.aoSʽ'×ȟ@. B. ÛĺTsfHTDȥ
@('ɨʌȧǈSAɬăi
I.SAɬăȪ̍DǟÀ  ŘphĞaoSʽDű@(Dǅȿɐ.ȷȵ( . 
A 
B 
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ɖ 2ɓ  HSAƠʦǧĤ.ʥǋ(ƧĭŎʹ(*@phaoSʽ.Ɵɧ 
 
Ǜʞ 
 ɨʌȧǈ. SAɬăiI.Gt}ɬăǧĤDphaoSʽ+ɋǖ@ÛĺT
sfHTDŃʖ@ 9+, Finegoldia magna GA module/HSA.ʝă°ɬƻǜ˔ga
DŎʹ+ HSAƠʦǧĤDʥǋ . 6 , GA module. HSAƠʦǧĤDĈ8˱ǜ˔(̗
­ ˥®D:$phaoSʽDƟɧ@(', HSAƠʦǧĤ.ɋǖË(*@pha
oSʽDƟɧ . 
 
ƳǶ 
PISA Server+=@ Finegoldia magna GA module. HSAƠʦǧĤ.ʥǋ 
 PISA Server (http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver) +
& Finegoldia magna 
GA module/HSA.ʝă°ɬƻǜ˔ (PDB ID: 1tf0) DʥǋŎʹ(  [29]. *, ɬƻǜ˔+
Ĉ6A@SL˩=1gO˩/ʥǋŎʹ>˻Į . ʥǋǇ§/Ƶł.Ǉ§Dßȥ, 
Interface.ʥǋɬǍ=?, ʪ.Ǉ§DȌ ǧĤD HSAƠʦǧĤ(łɶ . 1) ğǳʚ̍
Ɏ (Buried Surface Area (BSA) )  0 Å2=?ı
. 2) Ä˱.öĺ HSA(ƠʦțƂ+	@. 
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ƟɧŎʹ(*@phaoSʽ.ɬƻǜ˔ga^dh.±Ɔ 
 ¯Ûĺˬî aoSʽïʑ.Ûĺˬ.ĪéDˡ@(Dȷȵ(&, PDB
(http://www.rcsb.org/pdb/home/home.do) =?ƾı 100G}m˩ǧĤ>*@phaoSʽ
.ɬƻǜ˔ga^dh.±ƆDʖ# . ga^dh.±ƆǇ§Dʪ+Ʉ. 
Organism ‘Homo sapiens’, Number of chains (Biological assembly) ’1’, Resolution ‘0−3.0 Å’, Chain 
length ‘20−100’, Macromolecule type ‘Protein’, and Identity cutoff ‘70%’. 
 
PDB efoldDȥ
 ɋǖËphaoSʽ.Ɵɧ 
 ǜ˔̗­ŻD:$aoSʽ.Ǘɧ/, PDBefold'ʖ#  [30]. Finegoldia magnaȧǈ GA 
module.Gt}ɬă̒ġ'	@ 2-3 helix (residue No.23–53) D GA module-HSA(.ʝă
°ɬƻǜ˔ (PDB ID: 1tf0) >ƒÚ ǜ˔gaD query( .  
 query (phaoSʽ.ɬƻǜ˔ga^dh˵.ǜ˔Ǭˈ/Ǥ.Ǉ§'ʖ# . 
Lowest acceptable match = 0 %, Precision = Highest, Align length = 29–31. 
 ɋǖË.phaoSʽ/Ǥ.Ĥȍ+Ű#&˟Ƒ . 1) phaoSʽ.˱ǜ˔
GA module 2–3 helix(˪-ăCĀɾ'	@. 2) phaoSʽ.˱ǜ˔D GA module–
HSAʝă°ǜ˔+ align ƹ+, phaoSʽ( HSA˵'˱. steric clash*
.  
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ɬǍ(ɷō 
Finegoldia magna GA module. HSAƠʦǧĤ 
  PISA Server+=?, Finegoldia magna GA module. HSAƠʦǧĤ/ 18ǧĤļě@(D
Ƀʰ . ƠʦǧĤ/ Ile23, Thr24, Ser25, Phe27, Tyr28, Ala31, Lys34, Ala35, Lys36, Thr37, 
Glu39, Glu40, Ala43, Leu44, Glu47, Ile48, Ala51, His52'	?, Ð&.ƠʦǧĤDăC BSA
/ 1784.0 Å2 (Ð BSA.", GA module. BSA: 900.5 Å2, HSA. BSA: 883.5 Å2) '	# . 
A>.ƠʦǧĤ/ GA module (23–53) +®ɵ&
@ 9, HSAƠʦǧĤ.ɋǖË(*@
aoSʽDƟɧ@SL(&, GA module (23–53) .˱ǜ˔Dȥ
@(( . 
 
HSAƠʦǧĤDɋǖ@phaoSʽ.Ɵɧ 
GA module (23–53) DSL(&, ̗­ǜ˔D:$phaoSʽD PDB+ȳ˯A
&
@ɒ°ǜ˔ga>Ǘɧ ɬǍ, 3ɍ̗.phaoSʽ HSAǧĤ.ɋǖË¾ʛ
(&Ǘɧ+pdh . Ǘɧ+pdh aoSʽ. 1 $'	@ Human Apoptosis 
Activation Factor-1 Caspase Recruit Domain (APAF-1 CARD)  (PDB ID: 1cy5) +$
&/, GA 
module (23 – 53) ( APAF-1 CARD (34 – 64 )+@ Cα. RMSD 1.00 Å'	?, ɸD˪
-ăC ̀.˱.ǜ˔/45ʆ&
  (Ę 6A). 6 , APAF-1 CARD (34–64) .˱
ǜ˔D GA module/HSA.ʝă°ǜ˔ (PDB ID: 1tf0) +@ GA module (23–53) +˪-ăC
 ɬǍ, APAF-1 CARD.˱/ HSA.˱(ʘɑ*
(DɃʰ . 
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*, ǧ?. 2$.¾ʛ+$
&/, GA module.˱+@αȓɦ. RMSD 2.00 Å
¦'	?, ˪-ăCƹ+ HSA (ʘɑDˀ˦Ć'	@(>, 2 $.¾ʛ+$
&
/ɋǖËaoSʽ(&/ßȥ'*
(ÞƱ  (Ę 6 B, C). 
¦=?, Human APAF-1 CARD (¦, hAC(@) D HSAƠʦǧĤ.ɋǖËaoSʽ
(&, HSA+ɬă@ ŘphĞaoSʽDʫʨ@(+ . 
  
Ę6. HSAƠʦǧĤ.ɋǖË¾ʛaoSʽ(GA module.ǜ˔GIh 
A. GA module (23–53) (yellow) (human APAF-1 CARD (hAC) (PDB ID: 1cy5) (green) .ǜ˔G
Ih. HSAƠʦǧĤDmagenta'ʚɄ . B. 2ȭȷ.¾ʛaoSʽ (PDB ID: 2uzc) (red) 
(GA module (23–53) .ǜ˔GIh. C. 3ȭȷ.¾ʛaoSʽ (PDB ID: 3s7r) (blue) ( 
GA module (23–53) .ǜ˔GIh.  
A B C 
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ɖ 3ɓ hAC+Ŏ@ HSAƠʦǧĤ.ɋǖ 
 
3-1. hAC_18m. HSAɬăɾ.ʥǋ 
Ǜʞ 
 ɖ 2ɓ'ƟɧA GA module. HSAƠʦǧĤ.ɋǖË'	@ hAC+Ŏ, HSAƠʦǧ
ĤDÐ&őÏ ĭȮ° hAC_18m D±ʜ . hAC_18m . HSA ɬăɾ.ƿȕDƸ>+
@ 9+, ʚ̍u]Ò̟ǶDȥ
& hAC_18m( HSA˵.ȹ±ȥʥǋDʖ# .  
 
ƳǶ 
1. hAC.Ȳȟ(ɡʜ 
ȲȟwSa.ǜɝ 
 Wi²ȥ̓ţDıʁʌȲȟɣȥ+ƾ˝î hACˠ«ĺD Overlap extension PCRǶ'
ăƆ, pET-16b(+) u\}iwSa (Novagen) . NcoIXIh=1 BamHIXIh+ő
Ï . ǜɝ ȲȟwSaD pET-16b(+)/hAC(@.  
 
ıʁʌȲȟɣ+=@ hAC.ăƆ 
 pET-16b(+)/hAC DıʁʌǑ BL21 (DE3) (Novagen) +phZdSǶ'őÏ, 100 
µg/mL .GrZjhJ~DĈ8 LB ŋĲģĜ' 37 ,  ɩİģ̚@('ŋĲģ
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Ĝ+WkDű . WkDʪ(Ąǝ.ģĜ' 37 , ɩİȀːģ̚@('łŜ
ǁ+Ï# ģĜDű . 100 µg/mL.GrZjhJ~DĈ8Ʋ * LBģĜ 100 mL
+Ŏ, 100 µL.łŜǁģĜDÏA, OD600 = ɤ 1.5 +˚@6' 37 'Ȁːģ̚ . ģĜ
D 30 Û˵ǯØů, ɩȒţ 0.1 mM. IPTGDÏA, 25 , 16ƹ˵Ȁː@(' hAC.Ȳȟ
ʱőDʖ# .  
 
hAC.ɡʜ 
 hAC .ɡʜ/ɂ˩GkJ~Ûȩ, ˼INƣS|hTsH, VB˙S|
hTsH+=#&ʖ# . *, .ƳǶ/ Vaughn>.ƳǶ+Ű# :.'	@ [31]. 
 ȲȟʱőDʖ# ʌ°D˜ŴÛ̆ (5000 rpm, 10 min, 4 °C) 'ĕü, ģĜ 100 mL	 ? 5 
mL. Lysis buffer (20 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1 mM PMSF) 'ƅȑ
ů, ˁ̎ǷɁɀDʖ# . ɁɀȂ.ĀȎŻȩÛD˜ŴÛ̆'ĕü, ɩȒţ 70 % (w/v) .ɂ˩
GkJ~DÏA, ŅȊ' 1ƹ˵ƦƔů, ˜ŴÛ̆ (14 000 g, 30 min, 25 °C) 'ȆDĕü
 . ĕü Ȇ+ɩȒţ 90 % (w/v) .ɂ˩GkJ~DÏA, ŅȊ'ɩİƦƔů, ˜ŴÛ
̆ (14 000 g, 30 min, 4 °C) 'ǲǪDĕü .  
 ǲǪD 5 ml. 20 mM Tris-HCl (pH 7.5) 'ƅȑů, 1 L.ːǋĮȂ (20 mM Tris-HCl (pH 7.5)) 
+ŎːǋDʖ# . ːǋĮȂ/ 3ƹ˵(+ 2ĕƣ, 2ĕȷ.ĮȂƣů/ɩİːǋD
ʖ# . ːǋů.ʮưD˼INƣS|hTsH+´@(', hAC .ɡʜDʖ
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# . ˼INƣS|hTsH/ʪ+ɄǇ§'Ńʖ . O~: Resource Q 1 
mL (GE Healthcare), ǽ˓ 4 mL/minɬăndsF: 20 mM Tris-HCl (pH 7.5), ȎÚndsF: 
20 mM Tris-HCl (pH 7.5) / 1 M NaCl, ȎÚndsF.T[LhȒţ: 0–50 % (20 column 
volume). 
 ˼INƣS|hTsH+=#&ɡʜ ʮưD˹ĮB˙sHaAmicon® 
Ultra 15 centrifugal device–10000 NMWL (Merck Millipore) ' 500 µL2Ȓɳů, VB˙S|
hTsHDȥ
&ƾɩɡʜDʖ# . VB˙S|hTsH/ʪ.ɄǇ§'
Ńʖ . O~: Superdex 75 10/300 GL (GE Healthcare), Xuˬ: 500 µL, ȎÚndsF
: 1×PBS. 
 
hACĭȮ° (hAC_18m) .Ȳȟ 
 hAC ĭȮ°/ Glutathione S-Transferase (GST) ʔăaoSʽ(&Ȳȟ . Overlap 
extension PCR Ƕ=1 Site-Directed Mutagenesis Ƕ'±ʜ hAC_18m ˠ«ĺD, pET-
49b(+) u\}iwSa (Novagen) . SmaI, BamHIXIh˵+ƛÏ . ±ʜ u\
}iwSaD, phZdSǶDȥ
&ıʁʌǑ BL21 (DE3) +őÏ, 20 µg/mL.Oj
|IZɂ˩ĨDĈ8 LB ŋĲģĜ' 37 ,  ɩİģ̚@('ŋĲģĜ+WkD
ű . WkDʪ(Ąǝ.ģĜ' 37 , ɩİȀːģ̚@(', łŜǁ+Ï# ģĜ
Dű . 20 µg/mL.Oj|IZɂ˩ĨDĈ8Ʋ * LBģĜ 1 L+Ŏ, 1 mL.łŜǁģ
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ĜDÏA, OD600 = ɤ 1.5 +˚@6' 37 'Ȁːģ̚ . ģĜD 30 Û˵ǯØů, ɩȒţ
0.1 mM. IPTGDÏA, 15 °C, 24ƹ˵Ȁː@(' GST–hAC_18m.ȲȟDʱő . 
 
hAC_18m.ɡʜ 
 hAC_18m.ɡʜ/, GSTGsHkfHS|hTsH, ˼INƣS|hT
sH, GSTaT.ÜƱ, VB˙S|hTsH. 4ŘɌ'ʖ# . 
 ȲȟʱőDʖ# ʌ°D˜ŴÛ̆'ĕü, ģĜ 1 L	 ? 50 mL. Lysis buffer (20 mM 
Tris-HCl (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1 mM PMSF) 'ƅȑů, ˁ̎ǷɁɀDʖ# . Ɂ
ɀȂ.ĀȎŻȩÛD˜ŴÛ̆ (5000 rpm, 10 min, 4 °C)'ĕü, 0.45 µmZ[sHa 
(HPF Millex®-HV (Merck millipore)) 'ȎŻɠĺD˻÷ .  
 ȎŻɠĺD˻÷ ɁɀȂD 4 mL. Glutathione Sepharose 4Bq] (GE Healthcare) (
Ȅă, 4 °C, 30Û˵, ˆ½Ğ}QX'ȄĎ . q]D˪çʍĞO~'ĕüů, Ɠ°
. 10¼ˬ. Lysis buffer'O~DǺǾ, Ɠ°. 2¼ˬ.ȎÚndsF (50 mM Tris-HCl 
(pH 8.0), 10 mM GSH) ' GST-hAC_18m.ȎÚDʖ# .  
 ʪ.ŘɌ' GST GsHkfHS|hTsHDʖ# ʮưD˼INƣS
|hTsH+´@(', GST–hAC_18m.ɡʜDʖ# . ˼INƣS|hT
sH/ʪ+ɄǇ§'Ńʖ . O~: Resource Q 1 mL (GE Healthcare), ǽ˓ 4 mL/min, 
ɬăndsF: 20 mM Tris-HCl (pH 7.5), ȎÚndsF: 20 mM Tris-HCl (pH 7.5) / 1 M 
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NaCl, ȎÚndsF.T[LhȒţ: 0–50 % (20 column volume). 
 ˼INS|hTsHDʖ# ʮư+Ŏ, aoSʽˬ 1 mg +$ 10 units .
Turbo 3C Protease (GSTaT=1 HisaT.¤é HRV 3C Protease) (Accelagen) Dȅé
ů, 4 °C, 16 hûŷ@(' GSTaT.ÜƱDʖ# . 4 mL. Glutathione Sepharose 4B
q]Dȅéů, 4 °C, 30Û˵, ˆ½Ğ}QX'ȄĎ@(', GSTaT, ǃÜƱ. GST–
hACĭȮ°, Turbo 3C Protease.˻÷Dʖ# . 
 GSTaT.˻÷Dʖ# ʮưD, ˹ĮB˙sHaAmicon® Ultra 15 centrifugal device–
10000 NMWL (Merck Millipore) Dȥ
& 500–1000 µL2Ȓɳů, VB˙S|hTsH
Dȥ
&ƾɩɡʜDʖ# . VB˙S|hTsH/ʪ.ɄǇ§'Ńʖ . 
O~: Superdex 75 10/300 GL (GE Healthcare), ǽ˓: 0.8 mL/min, Xuˬ: 500 µL, ȎÚn
dsF: 1×PBS. 
 
ʚ̍u]Ò̟ (Surface Plasmon Resonances (SPR)) Ƕ+=@ hAC_18m. HSA+Ŏ@
ȹ±ȥ.ʥǋ 
hAC_18m. HSA+Ŏ@ɬăʥǋ+
&/, Biacore T200 instrument (GE Healthcare) D
ȥ
 . ʾÏ HSA (Sigma) DVB˙S|hTsH'>+ɡʜů, 10 mM ˧˩
jhJ~ (pH 5.0) +Ȏʥ .  HSA. CM5cdu2.ęłî (ɤ 1000 RU) /ʜďʳƸ+
ȍ G}OduTǶ'ʖ# .  
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hAC_18m .I[KShȒţ/ 62.5–1000 nM +ƚ?Û, ǽ˓D 30 µL/min, 298 K 
(25 °C) ( . Running buffer/ PBST (0.005 % Tween 20) D²ȥ . cdu.×ȣ+

&/ 10 mM HClDǽ˓ 30 µL/min'I[KSh .  
ɬăʥ̆+@ɬă˓ţłƮ kon, ʥ̆˓ţłƮ koff .ɚÚ/ BIAevaluation 2.0 
Software Dȥ
 . Ń̝ɬǍ.sHdfHT/ 1 : 1 ɬăg'ʖ# . ʥ̆łƮ KD/
KD = kon/koff(&ɚÚ .  
 
ɬǍ(ɷō  
1. hAC=1 hAC_18m.Ȳȟɡʜ 
 hAC/̞ɥţ'ɡʜA ( SDS-PAGE+=#&ɃʰA  (Ę 7A). 6 , VB˙
S|hTsH+
&ZTrSǗÚA, òÛƬțƂ'ȎȂ+ŀł+ļě
@(Ƀ9>A  (Ę 7B).  
 hAC_18m / GST ʔăaoSʽ(&ĀȎŻȲȟĀɾ'	?, GST GsHkfHS
|hTsH, INƣS|hTsH, Turbo 3C Protease+=@ GSTaT.Ü
Ʊ(˻÷, VB˙S|hTsHDɫ&̞ɥţ+ɡʜA (D SDS-PAGE+&Ƀ
ʰ  (Ę 7A). 6 , VB˙S|hTsH+
& hAC_18m /ZTrS(
&ǗÚA  (Ę 7C), hAC(Ǭˈ&rSŝŠ (Ę 7D), ØʐțƂ' 2ƶ˵¹ɛ
 ʮư'/įˬ°ūƆA&
 (Ƀ9>A  (Ę 7E). 
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!  A. 
B. C. 
D. E. 
Ę7. hAC=1hAC_18m.ɥţɃʰ  
A. ɡʜů.hAC, hAC_18m.SDS-PAGE. aoSʽˬ ɤ100 ngDǹíů, Oriole™ Fluorescent Gel Stain
 (Bio-Rad)'ʓÌǎʉDʖ# ., B. hAC.VB˙S|hTsH, C. hAC_18m.VB˙S|
hTsH, D. hAC=1hAC_18m.S|hT~.˪-ăCĘ. hAC(Ǭˈ&, hAC_18m.
ƳrSŝŠ
, E. 2ƶ˵Øʐ¹ļDʖ# hAC_18m.VB˙S|hTsH. ĆȻô
/įˬ°.rSDɄ. 
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2. hAC_18m. HSA+Ŏ@ɬăɾ.ʥǋ 
 VB˙S|hTsH'òˬ°Dű ȸů. hAC_18m Dȥ
& HSA +Ŏ@ɬ
ăɾ.ʥǋDʖ# . ɬăɾ.ʥǋ/ʚ̍u]Ò̟ (SPR) ǶDȥ
&ʖ# . HSAD
ɤ 1000 RU ęłî CM5 ^Xcdu (ȡʵ. Rmax 166.8 RU) +
& 1 µM 
hAC_18m/ɤ 4 RU(
̌Ŝ+¯
\{\ÁDɄ  (Ę 8). Wh(&ȥ

 1 µM protein G ABD / 125 RU (ȡʵ. Rmax 144.6 RU) DɄ&
 (>, 
hAC_18m .¯\{\.ʞĖ/^Xcdu. HSA .ĵǼ'/*, hAC_18m .
HSA+Ŏ@ɬăçŧ
(+	@(ÞƸ . 
 
  
  
Ę8. SPRǶ+=@hAC_18m.HSAɬăǼŻ.Ƀʰ  
A. HSAD1000 RUęłî CM5 ^Xcdu+@1 µM ABD, 1 µM hAC_18m, PBST.
ɬă, ʥ̆.^XT~.,  B. 1 µM hAC_18m.^XT~+ăC ƕıĘ. 
A, B(:+, HSADęłî s^.^XT~>, HSADęłî&
*
s
^.^XT~DřŦ
&ʚɄ . 
A B 
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 ɮ
&, hAC_18m – HSA ˵ȹ±ȥ.˓ţʵʥǋDʖ# (B, ɬă˓ţłƮ kon /
7.39×103 (Ms)-1, ʥ̆˓ţłƮ koff/ 3.82×10-2 s-1, ʥ̆łƮ KD/ 5.17 µM(ɚÚA . 
, 1ĕȷ( 2ĕȷ.^XT~.ūțıȮ*#&? (Ę 9), ¡ĕ.ʥǋ+
@ kon, koff, KD.ɚÚÁ/º̔Ż¯
:.(ɷ>A@. ^XT~.ūț 1ĕȷ
( 2 ĕȷ'Ȯ*@öĖ(&, hAC_18m /ØʐǇ§'¹ļ&:Ù̄@ÅĆ	@(
>, 1ĕȷ.ȋł( 2ĕȷ.ȋł' hAC_18m.ÛƬŻĭî, HSA+Ŏ@ɬăǝť+
ĭîȣ (ɷ>A@. ¦=?, hAC_18m/ HSA+Ŏ@ɬăDɄ, .ɬă
ç+$
&/º̔Ż.̞
ʥ̆łƮ.Á/ű>A*# :.., HSA+Ŏ nMNb
.ɬăçD:$ ABD=1 GA module=?¯
(Ƹ>(*# . 
 GA module.3&. HSAƠʦǧĤDɋǖ hAC_18m.ɬăç GA module(Ǭˈ
&ŧ
ȡȧ(&, ¦.ȟʹžłA@. 1) őÏA HSAƠʦǧĤ, hAC.ǧĤ
(ȹ±ȥ@(', HSAƠʦǧĤ.Ä˱.˦Ć GA module. HSAƠʦǧĤ.˦Ć(
Ȯ*#&
@. 2) ƠʦǧĤ.őÏ+=?, hAC.ȗçľȵŀłŻı¯, łȊţ+

& Fold &
@ hAC_18m .åăȈœ ɬǍ, HSA +ɬă'@ǜ˔D:$
hAC_18m.ÛĺƮȈœ . 3) HSAƠʦǧĤ.ɋǖ+=?, hAC.ɬăȪ̍.ǜ˔ŀ
ł+*?, HSA+ɬă'@ǜ˔D:$ hAC_18m.åăȈœ . 
 1) .ĀɾŻDǗʬ@+/ Xɲɬƻǜ˔ʥǋ, NMR*)aoSʽʮưDıˬ+ʞ@
Ń̝Dʖŵʞ	?, ģĜ 1 L	 ? 1 mgDĕ@üˬ. hAC_18m'/ȟŃȵ+Ǘʬ
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ė̇'	@. Ƴ, 2), 3)+$
&/Ę 6D, E'ɄA =+ hAC_18m.VB˙S|h
TsH+@rSŝŠ , ØʐǇ§+
&:įˬ°DūƆ@(> , 
hAC_18m /ǜ˔ŀł+*#&
@(ɄđA@. 2), 3).U\DǗʬ@ƳǶ+
$
&/ÖÂÌʉŻ\xSh.ȋł;ÖÂÌʉŻDßȥ ȗŀłŻʥǋɘƿì
'	?, A>.ƳǶDȥ
@(', ǅɜ'Ƹ>+*# hAC_18m . HSA 2.ŧ
ɬ
ăç(.˶·+$
&ɷō@('@'	B.  
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kon = 7.39×103 (Ms)-1 
koff = 3.82×10-2  s-1 
KD = 5.17 µM 
Rmax = 21.7 RU 
kon = 5.35×102 (Ms)-1 
koff = 4.15×10-2  s-1 
KD = 77.4 µM 
Rmax = 267 RU 
A 
B 
C 
Ę9. hAC_18m-HSA˵ȹ±ȥ.˓ţʵʥǋ  
Running buffer/PBST (0.005 % Tween20), Flow rate/30 µL/min ^XT~/blank.
flow cell=1running bufferDřŦ sHdfHTg/1 : 1modelDƞȥ,Rmax
/global+ɚÚ .  hAC_18mȒţ/ 62.5, 125, 500, 1000 nM. A. Ądh.XuD2ĕȋł
, ˓ţʵoaDɚÚ ., B. 1ĕȷ.ȋł+@^XT~>˓ţʵoa
DɚÚ ., C. 2ĕȷ.ȋł+@^XT~>˓ţʵoaDɚÚ . 
!
kon = 1.98×104 (Ms)-1 
koff = 3.38×10-2  s-1 
KD = 1.71 µM 
Rmax = 9.43 RU 
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3-2. hAC_18m.ÖÂÌʉŻ (CD) \xShȋł=1ȗŀłŻȋł 
Ǜʞ 
 3-1.+
& hAC_18m / HSA +Ŏ KD = 5 µM Ɍţ.ɬăçD:$(ÞƸ , 
A/ nM Nb.ɬăçD:$ GA module(Ǭˈ&̌Ŝ+ŧ
:.'	@. hAC_18m
.ʣĎŻŧ
öĖ(&, ƠʦǧĤ.őÏ+=@ hAC .ǜ˔ĭî=1 hAC .ȗçľȵ
ŀłŻ.¯öĖ.$(&ɷ>A@, 3-2.'/ÖÂÌʉŻ (CD) \xSh.ȋł
=1ȗŀłŻȋłDʖ(', hAC_18m +Ǥǜ˔.ĭî=1ȗĭŻȊţ.ĭî
	@DǗʬ . 
 
ƳǶ 
 CD\xSh.ȋł/, JASCO 805 Spectropolarimeter  (JASCO) +
&, Ì˃˲ 0.2 cm 
.Ⱦʊ^Dȥ
& 293 K (20 °C) 'ʖ# . aoSʽȒţ/ 50 µg/mL ' 20 mM Na 
phosphate pH 7.4 +Ȏʥ . ȗŀłŻʥǋ+
&/, 278 K > 353K (ȊţƷ˓ţ 1 
K/min) +@ 222 nm.ǘÖȞDʥǋ, țƂĭŻg+Ŏ@sHdfHT
+=? UnfoldȩÛ.åăDɚÚ  [32]. OtsHdfHT/ Igor Pro 5.03JDȥ
 .  
 
ɬǍ(ɷō 
  hAC( hAC_18m. CD\xShDǬˈ ɬǍ, ɸ(: 207 nm( 222 nm¤ˋ+

&ǘÖȞ.ǚŒÁD:$, αvdS\ǜ˔+Țƿ.\xShű>A  (Ę 10A). 
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hAC_18m+
&/ 222 nm.ǘÖȞ.ÁC+̞
:.., ɸ/45Ąǝ.
Ǥǜ˔D:$(ɄđA . Ƴ, 278 K> 353 K+@ 222 nm.ǘÖȞDȋ
ł@(' hAC( hAC_18m.ȗŀłŻDʥǋ ɬǍ,  hAC, hAC_18m.ĭŻȔȊţ 
(Tm) /AA 325.9 K,  314.8 K'	?, hAC_18m/ hAC(Ǭˈ& Tm 11.1 K¯&

  (Ę 10B). $6?,  hAC+ GA module. HSAƠʦǧĤD 18ǧĤɋǖ@('ȗŀł
Ż¯ (ɃʰA . A>.ɬǍ=?, GA module. HSAƠʦǧĤDÐ&ɋǖ
&: hAC_18m.ʣĎŻ GA module(Ǭˈ&̖ʎ+ŧ
öĖ(&, HSAƠʦǧĤ.
ɋǖ+=@ hAC_18m.ǜ˔ŀłî˶·&
@ĀɾŻɄđA .! 
   
Ę10. hAC, hAC_18m.CD\xSh=1ȗŀłŻȋł  
A. hAC, hAC_18m.CD\xSh. ȋłȊţ/293.15 K (20 °C), XuȒţ/50 µg/mL,  
ȎȂǇ§/20 mM ˩jhJ~ (pH 7.4) 
B. 278.15–353.15 K (5–75 °C) +@ȗĭŻȋł. 222 nm.ǘÖȞ.ĭîD2țƂȗĭŻg'
sHdfHT, ĭŻȔTmDɚÚ . 
A B 
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ɖ 4ɓ 
ǜ˔IsM|fHS\+=@ hACĭȮ°.ʫʨ 
 
Ǜʞ 
 ɖ 3ɓ+
&, hAC+Ŏ Finegoldia magnaȧǈ GA module. HSAƠʦǧĤÐ&Dɋ
ǖ ĭȮ°, hAC_18mD±ʜ , . HSA+Ŏ@ʣĎŻ/ʥ̆łƮ+& 5 µMɌ
ţ'	?, nMNb.ɬăçD:$ GA module(Ǭˈ&̌Ŝ+ŧ
(ÞƸ . 6
 , ȗŀłŻȋł+=?, hAC_18m.ĭŻȔȊţ/ hAC(Ǭˈ& 11 K¯
(ÞƸ
, hAC_18m.ɬăçŧ
öĖ/, HSAƠʦǧĤ.ɋǖ+=@ hAC.ǜ˔ŀłî+	
@ĀɾŻɄđA . 
 'ǅɓ'/, hAC.Ä˱.ȎĹƠʦ̍Ɏ (Accessible Surface Area (ASA)) Ǭ=1 HSA
ƠʦǧĤ.őÏƹ+@ hACĭȮ°.sMgHTʄȧLlRĭî.ȋDŃ
ƴ@(', hACĭȮ°Dŀłî@ HSAƠʦǧĤD˻Į, hAC_18m=?:ʣĎ
Ż.̞
ĭȮ°Dű@(DȷƘ .  
!  
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4-1. ȎĹ̉Ú̍ɎǬ.ɚÚ, ŀłŻĭîȋ+Ĥ%ĭȮőÏ˥®.Ǳł 
ƳǶ 
ȎĹ̉Ú̍Ɏ (ASA) Ǭ.ɚÚ 
 ȎĹ̉Ú̍Ɏ (ASA) Ǭ.ɚÚ/ GETAREA (http://curie.utmb.edu/getarea.html) [33]Dȥ
 . 
water probe.ðŭ/ 1.4 Å(, .£.ʫł/gsMh( .  
 
ĭȮőÏ+¬sMgHTʄȧLlRĭî.ȋ 
ĭȮőÏ+¬ǜ˔ŀłŻĭî.ȋ/ Eris server (http://troll.med.unc.edu/eris/login.php)  
[34] Dȥ
 . Eris server/ Medusa Force Field.őÏ=1˱.sQZqfHDőÏ
 sMgHTʄȧLlRʨɚuT~'	?, Ä˱.Œ
ǧĤ>ı

ǧĤ2.ĭȮőÏ+@ʄȧLlRʨɚ.ɡţD̞9&
@ [35].  
 ǅɓ+
&/, ¾ʛ(*@ĭȮəƊ.ʄȧLlRĭîΔΔGD 1ǧĤ$ȋ . 
Ä˱.Œ
ǧĤ>ı
ǧĤ2.ĭȮőÏ+@ȋɡţ.Ć. 9, ΔΔG.ȋ
+
& backbone flexibilityDőÏ .  
!  
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ɬǍ(ɷō 
 hAC. ASAʨɚÁ=1ΔΔG.ȋÁDĘ 11A+Ʉ. ASAǬ > 50 % .ǧĤ/ Thr36, 
Ser38, Lys42, Asn45, Pro47, Thr48, Gln50, Gln51, Lys58, Lys62'	# . ʇȵ+Ä˱. ASA
Ǭ.ı
ǧĤ/ĭȮőÏ+Ōň'	@(> [36], ȎĹ+̉Ú A>.ǧĤ+$

&/ĭȮőÏDʖ(( . >+, ğǳ ǧĤ+
&:ƠʦǧĤ.ɋǖDǗʩ
 . ASAǬ 50 %ǃȌ.ǧĤ+
&¾ʛ(*@ĭȮ/ F34I, L35T, E39Y, E46A, A54A, 
M55L, M59I , K63H'	@, A54A, M55L, M59I , K63H/îľȵŻʽ.­ G}m˩2.ĭ
Ȯ'	@ 9, . 4ɍ̗.ĭȮDʖ(( .  Thr36+$
&/ΔΔG 1.5 kcal/molD
ĕ@(>ĭȮőÏDʖC*
(( . Ƴ, E39Y/.®ɵ+@ TyrǧĤ
HSA(.ɬă+ŵ̐'	@( GA module-HSAʝă°ǜ˔>ÞƸ&
@ 9, .
ĭȮDőÏ@(( . ¦.ŘɌ+Ĥ%, hAC+ GA moduleȧǈ. HSAƠʦǧĤ
15ǧĤDɋǖ hAC_15mDʫʨ  (Ę 11B).  
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A 
B 
Ę11. ǜ˔IsM|fHS\+=@hACĭȮ°.ʫʨ  
A. hAC (34–63) +@ȎĹ̉Ú̍Ɏ (ASA) Ǭ (ǕTs) (ĭȮəƊ+@ȋ
.sMgHTʄȧLlRĭî (ΔΔG) (□'udh). 
B. GA module, hAC_18m, hAC_15m, hAC.G}m˩˦Ý. ɔ.ƮĻ/ǧĤȭāDɄ.  
ʿĻ/HSAƠʦǧĤDɄ, ɲ/HSAƠʦǧĤDɋǖ ǧĤDɄ. 
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4-2. hAC_15m-HSA˵ȹ±ȥ.ʥǋ 
ƳǶ 
hAC_15m.Ȳȟɡʜ 
 hAC_15m/ɖ 3ɓ+@ hAC_18m.Ȳȟɡʜ(Ąǝ+, GSTʔăaoSʽ(&
Ȳȟ, GSTGsHfHS|hTsH, ˼INƣS|hTsHDɫ
 .", GSTaT.ÜƱ˻÷Dʖ
, VB˙S|hTsH+=#&ɡʜ .  
 
SPRǶ+=@ hAC_15m-HSA˵ȹ±ȥ.ʥǋ 
ɖ 3 ɓ(Ą, HSA Dɤ 1000 RU ęłî CM5 ^XcduDȥ
& hAC_15m
.ɬăʥ̆.^XT~Dýű, ɬă˓ţłƮ kon, ʥ̆˓ţłƮ koff, ʥ̆łƮ KDD
ɚÚ . hAC_15m.I[KShȒţ/ 125–2000 nM( . 
 
CD\xSh+=@Ǥǜ˔ʥǋ=1ȗŀłŻʥǋ 
 CD\xSh.ȋł/, 3-2.(Ą JASCO 805 Spectropolarimeter  (JASCO) +
&, Ì
˃˲ 0.2 cm .Ⱦʊ^Dȥ
& 293 K (20 °C) 'ʖ# . aoSʽȒţ/ 50 µg/mL' 20 
mM Na phosphate pH 7.4+Ȏʥ . ȗŀłŻʥǋ+
&/, 278 K > 353 K (ȊţƷ˓
ţ 1 K/min) +@ 222 nm.ǘÖȞDʥǋ, țƂĭŻg+Ŏ@sHdfH
T+=? UnfoldȩÛ.åăDɚÚ .  
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ɬǍ(ɷō 
hAC_15m. HSA+Ŏ@ʣĎŻDɃʰ@ 9, ʚ̍u]Ò̟ (SPR) +=@ɬă
ʥǋDʖ# . ɬǍ, hAC_15m/ HSA+ŎȚȮȵ+ɬă@(Ƀ9>A . >+, 
hAC_15m .^XT~/ 1 : 1 ɬăg+Ŏʈķ*sHdfHTDɄ, KD = 
1.14 µM .ʣĎŻD:$(Ƀ9>A  (Ę 12). A/, Ð&.ƠʦǧĤDőÏ 
hAC_18m =?: HSA +Ŏ@̞
ʣĎŻD:$(DɄ&
@. hAC_15m ( hAC_18m
.ɬă˓ţłƮ kon/AA 7.57 × 104 (Ms)-1, 7.39 × 103 (Ms)-1, ʥ̆˓ţłƮ koff/A
A 8.65 × 10-2 s-1, 3.82 × 10-2 s-1'	?, hAC_15m+@ʣĎŻ.Ć+/ kon.Ʒŉ
&
@(ÞƸ . 
  
Ę12. HSADęłî  (ɤ1000 RU)  CM5^Xcdu+@hAC_15m.^XT~
 Running buffer/PBST (0.005 % Tween20), flow rate/30 µL/min. ^XT~/blank.flow cell 
=1running bufferDřŦ . sHdfHTg/1 : 1modelDƞȥ, Rmax/local+ 
ɚÚ . hAC_15m .Ȓţ/125, 250, 500, 1000, 2000 nM. 
kon = 7.57×104 (Ms)-1 
koff = 8.65×10-2  s-1 
KD = 1.14 µM 
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  hAC_15m. CD\xSh/ hAC, hAC_18m(Ǭˈ&ǘÖȞ;;̞
, α2
dS\ǜ˔+Țųȵ*\xShDɄ&
  (Ę 13A). .ɬǍ/ hAC_15m, hAC, 
hAC_18m.˵'Ǥǜ˔+ı*˛
*
(DɄ&
@.  
6 , ǘÖȞĭî+Ĥ%ȗŀłŻʥǋ.ɬǍ, hAC_15m . Tm / 311.6 K '	?, 
hAC_18m (Tm = 314.8 K) (Ǭˈ@( 3 KɌţ.ř'	?, ɸ. Tm.ř/4(E)*

(Ƹ>+*#  (Ę 13B). A>.ɬǍ=?, hAC_15m / hAC_18m (Ǭˈ&Ǥǜ
˔.ı*ĭî/*, 6 ȗŀłŻ+$
&:ı*ř/ɃʰA*# .  
A>.ɬǍ=?, hAC_15m .ɬăç.ũî+/ kon.Īé˶&?, hAC_15m (
hAC_18m ˵.Ǥǜ˔.åă(ȗŀłŻ+ı*ĭî*# (ÞƸ . ao
Sʽ˵ȹ±ȥ+@ konĪé@ʞĖ(&, ɬă+ŉ@̈ʋ.ˍé, ɬăĀɾ*
WsMZ.ŀłî+=@Zu*ɬăǝť.Ńȟ	>A@. hAC_15m .
ʫʨ'/, hAC_18m =?: HSA ƠʦǧĤƮDȈœ&
@(>, ɬă+ŉ@̈
ʋ.ˍé+=@ kon.Īé/ɷ+
.  #&, WsMZ.ŀłî+=@Z
u*ɬăǝť.Ńȟ kon.Īé+ŉ&
@(ɷ>A@. 6 , ȗŀłŻʥǋ.ɬ
Ǎ>, hAC_15m/ hAC_18m(Ǭˈ&ÛĺÐ°.ȗŀłŻ.Ć7>A C'/*

 9, hAC_15m. kon .Ʒ, *C"ʣĎŻ.Ć+/, ŕƊȵ*ǜ˔, Ț+ HSA+Ŏ
@ɬăȪ̍DĈ8̒ġ.ǜ˔.ŀłîŉ (ɷ>A@. 
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A B 
Ę13. hAC, hAC_15m, hAC_18m.CD\xSh , ȗŀłŻȋł , ȯǮŻutDȥ
 ʓÌȋł  
A. hAC, hAC_15m, hAC_18m.CD\xSh. ȋłȊţ/293.15 K (20 °C), XuȒţ/50 µg/ml,  
ȎȂǇ§/20 mM ˩jhJ~ (pH 7.4) 
B. 278.15 – 353.15 K (5–75 °C) +@ȗĭŻȋł. 222 nm.ǘÖȞ.ĭîD2țƂȗĭŻg[32]
'sHdfHT, ĭŻȔTmDɚÚ . 
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ɖ 5ɓ hACĭȮ°.ʣĎŻũî 
 
Ǜʞ 
 ɖ 4ɓ' HSAƠʦǧĤD˟Ƒ@(+=#&ʫʨA hAC_15m/, HSA+Ŏ KD 
= ɤ 1 µM'ɬă@, ʕðȈǁŤ˲+ƿì*ÛĺDű@ 9+/ʥ̆łƮ 600 nM=
?ũ
(ǀ6
(
ĥĊ	@ [5]. , ɬăçDĪé@ 9+ HSAƠʦ
ǧĤDˍé@(/ hACĭȮ°.ǜ˔ŀłŻ2Ŭ̏D@\SD¬. ɖ 5ɓ'/, 
hAC_15m+Ŏ HSAɬăǧĤD 1ǧĤ$ˍé@ƃ˪*Ƨĭ+=?̢hAC_15m=?:
ũ
ɬăçD:$ hACĭȮ°Dű@(DȷƘ . 6 , HSAɬăǧĤ+$
&/ GA 
module.7'/*, Protein G ABD. HSAɬăǧĤ.ˍé:ʮ7 .  
 
ƳǶ 
 GA module. Thr24, Ser25(
Gt}ɬăǧĤDˍé@ 9+, Leu35D Thr2 
(hAC_15m(L35T)), Thr36 D Ser 2  (hAC_15m(T36S)) ĭƼ ĭȮ°D±ʜ . Ƴ , 
Streptococcal Protein G ABD .ĭȮ°ʥǋ (Gk\QkT) >ÞƸ ɬăǧĤ 
[37] Dˍé ĭȮ°:±ʜ . hACĭȮ°.G}m˩˦ÝDĘ 14+Ʉ.  
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ɬǍ(ɷō 
ĭȮ°. HSA+Ŏ@ʣĎŻD SPR'ȋł (ʚ 1, Ę 15). hAC_15m(T36S) '/ KD = 
618 nM, hAC_15m(E41N) '/ KD = 283 nM'	?, GA module=1 ABD.ɬăǧĤD
hAC_15m +ˍé@('ʣĎŻ.ĆDɃʰ . 6 , T36S, E41N .úƳD 15m +ő
Ï hAC_15m(T36S/E41N) D±ʜ . hAC_15m(T36S/E41N) . HSA +Ŏ@ʣĎŻ/
KD = ɤ 105 nM '	# . .ɬǍ/, ɬăǧĤ.ˍé+=@ HSA2.ʣĎŻ.ĆDɄ
:.'	@. *, hAC_15m(L35T) ( hAC_15m(E40K) /, Ȳȟ=1ɡʜ˙Ɍ+
&ʥǋ
+ÊÛ*aoSʽˬDű@(', ʥǋDʖ('*#  (data not shown).  
 ĂĭȮ°( HSA ˵.ȹ±ȥ+@˓ţłƮDǬˈ@(, hAC_15m(E41N) '/
hAC_15m (Ǭˈ&ɬă˓ţłƮ kon 2.2 ¼Īé .+Ŏ, hAC_15m(T36S/E41N) (
hAC_15m(T36S) DǬˈ@( kon 3.5¼Īé&
 . A/ hAC_15m( hAC_15m(T36S)
'/, E41N(
ĭȮőÏ+=@ kon2.Ŭ̏Ȯ*@(DɄ&?, T36S( E41N(

 2˪ĭȮ: >Zj[ìǍ+=#&, kon=?Īé (ɷ>A@. 
 CD\xSh.ʥǋ>, ĂĭȮ°.Ǥǜ˔/ hAC(45ĭC>*
(ɄA  
(Ę 16A). 6 , ȗŀłŻ+$
&/, hAC_15m(Ǭˈ& hAC_15m(T36S) '/ Tm  2.5 K
Ʒ, hAC_15m(E41N) '/ Tm  1.9 KȈœ&
 , ĭȮ°˵. Tm/ĄɌţ.:.'	
#  (Ę 16B). A/, ĭȮ°+Ò˒@ǧĤ, ­ =*ǣǜ'ŀłŻ+Ŭ̏Dù5&

@(DɄđ&
@.  
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 ¦.ɬǍ>, hAC_15m+ GA module=1 Protein G ABD.ɬăǧĤD 1ǧĤ$ˍ
é@(', aoSʽïʑ.ʕȏȫŻDĆ@.+ŵʞ* HSAʣĎŻD:$ĭ
Ȯ° hAC_15m(E41N) (KD = 283 nM), hAC_15m(T36S/E41N) (KD = 105 nM) ű>A .  
 
 
  
Ę 14. Protein G ABD, GA module, hACĭȮ° , hAC.G}m˩˦Ý  
HSAɬă̒ġ.7ʚɄ. ɔ.ƮĻ/ǧĤȭāDɄ. ʿĻ/ GA module. HSA
ƠʦǧĤ, ̊Ļ/ Protein G ABD. HSAɬăǧĤ, ɲ/ɋǖ HSAƠʦǧĤ
=1ɬăǧĤ. 
1. hAC
-HSA	(kon),  (koff), 
(KD) 
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Ę15.  HSADęłî  (ɤ1000 RU)  CM5^Xcdu+@ĂĭȮ°.^X
T~(sHdfHT . 
Running buffer/PBST (0.005 % Tween20), flow rate/30 µL/min. ^XT~/blank.flow 
cell=1running bufferDřŦ . sHdfHTg/1 : 1 modelDƞȥ,Rmax/
local +ɚÚ .  A. hAC_15m (125, 250, 500, 1000, 2000 nM), B. hAC_15m(T36S) (62.5, 125, 
250, 500, 1000 nM), C. hAC_15m(E41N) (25, 50, 100, 200, 400 nM), D. hAC_15m (25, 50, 100, 200, 
400 nM), E. GA module (5, 10, 15, 20, 25 nM) 
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Ę16. hAC, hACĭȮ°.CD\xSh , ȗŀłŻȋł   
A. hAC=1hACĭȮ°.CD\xSh. ȋłȊţ/293.15 K (20 °C), 
XuȒţ/50 µg/mL, ȎȂǇ§/20 mM ˩jhJ~ (pH 7.4) 
B. 278.15 – 353.15 K (5 – 75 °C) +@ȗĭŻȋł. 222 nm.ǘÖȞ
.ĭîD2țƂȗĭŻg [32] 'sHdfHT, ĭŻȔTmDɚÚ
 . 
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ɖ 6ɓ hACĭȮ° – HSA˵ȹ±ȥ.ȗçľȵʥǋ 
Ǜʞ 
 âɓ. HSAɬăǧĤ.ˍé+=?, hAC. HSA+Ŏ@ʣĎŻũîA, 6 ˪ĭ
Ȯ.őÏ+=?, ɬă˓ţłƮ konìǍȵ+Ʒ@Zj[ìǍʤȋA . *
>, hACĭȮ°. HSA+Ŏ@ʣĎŻ/ GA module(Ǭˈ@(ɤ 100¼¯
.  
 ǅɓ'/, hAC.ʣĎŻũîǣǜ=1 GA module(.ʣĎŻ.řȣ6A@öĖ+$

&ʸʵ@ 9, van’t Hoff ť+Ĥ%ȗçľȵoa.ɚÚ=1 Eyringť+Ĥ%
˞ɋțƂʥǋDʖ# . 
 
öȡ 
van’t Hoffť+Ĥ%ȗçľȵoa.ɚÚ 
 ɭŎȊţ T+
&, ûŷâ.ɣ(ûŷů.ɣŞʙțƂ+	@ƹ, .ŞʙłƮ K/,  
∆!! =!–!"#$% 
 ', ΔG/ûŷâ(ûŷů.țƂ.ʄȧLlR.ř, R/ǭ°łƮ '	@. 
 6 , ΔG(Larĭî ΔH, LhrĭîΔS(.˶·/,  
∆!! = !∆! − !∆! 
 '	@.  
 ť (2)+ť (1)D¥Ï@(,  
(1) 
(2) 
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(7) 
ln! = −∆!!" + ∆!! ! 
 ť (3) / van’t Hoffť'	@.  Ȋţ.ˏƮ+Ŏ@ŞʙłƮ (ǅʵƯ'/aoSʽ˵ȹ
±ȥ+@ʥ̆łƮ) .ŎƮDudh, ƾŒǶDȥ
@('ű>A ȸɲ.Å
(ÜȘ=?, aoSʽ˵ȹ±ȥ+@ΔH=1ΔSDǰ9@('@ (Ę 17). 
 6 , ΔH, ΔS, ΔG(ȗňˬĭîΔCp .˶·/,¦.ť'ʚA@.  
∆! ! = ∆! !! + ∆!!(! − !!) 
∆! ! = ∆! !! + ∆!!!"(!/!!) 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!∆! ! = ∆! !! − !∆! !! + ∆!! (! − !!) − !"#(!/!!)  
', T0/øȖȊţ (˒Ŝ/ 298.15 K) '	@.  
ʪ.ť=?, ť(3) /,  
ln!! = !∆!!" − ∆!! + ∆!!! ! − !!! − ln !!!  
+ĭūA, Ȋţ.ˏƮ+Ŏ@ʥ̆łƮ.ŎƮ.udh+Ŏ, ť (7) +=@̌ɲūĕś
ÛǋDʖ(', ΔCpDĄƹ+ǰ9@('@. 
  
(3) 
(4) 
(6) 
(5) 
Ę17. van’t Hoff udh+=@ȗçľ  oa.ɚÚ  
ɭŎȊţ.ˏƮ+Ŏ@ʥ̆łƮ.ŎƮ.udhD(?, ƾŒǶ'
ǰ9>A ȸɲ.YÜȘ(Å>ûŷɣ (aoSʽ˵ȹ±ȥ) .L
hrĭîΔS(LarĭîΔHDɚÚ@('@. 
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(8) 
(9) 
(10) 
Eyringť+Ĥ%˞ɋțƂʥǋ 
 Ûĺ A(Ûĺ Bɬă, ʝă° ABȣƆA@ɣDžł@(, 
A+ B!! !!→←!!!!!AB‡
!!!!!!!→ !!AB 
  AB/ûŷɣ+@˞ɋțƂ (Transition State) '	@. 
 ǃûŷș(˞ɋțƂ.˵.ŞʙłƮD K(@(, !‡ = !"‡ / ! !  '	?, 
Ăûŷ˓ţłƮD k(@(, 
! = !!!ℎ !‡ 
kB/ze|łƮ (1.38110-23 J K-1), h/uSłƮ (6.62610-34 J s) '	@. 
 K/ť(3)+@ŞʙłƮ K(Ą, Larĭî(Lhrĭî+ȹ˶
	@.',  
! = !!!ℎ exp ∆!‡! − ∆!‡!"  
', ∆S‡/ǼŻîLhr, ∆H‡/ǼŻîLar'	@. 
ť(9)Dĭū&,  
!" !! = ∆!‡! − ∆!‡!" + ln !!ℎ  
 Ȯ*@ɭŎȊţ.ˏƮ+@, ˓ţʵoa(kon6 / koff) DɭŎȊţ'å# Ʈ
Á.ŎƮ.udh+Ŏ, ť (10) Dȥ
 ƾŒǶ+=?ű>A ȸɲ.Å=1Ü
Ș>∆S‡, ∆H‡ǰ9>A@ (Ę 18). 6 , ť (2) (Ąǝ.ū'ǼŻîLlR∆G‡ǰ9
>A@. 
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(11) 
(12) 
!
 6 ,!ť(4), (5), (6)Dť (10) +¥Ï@(+=?,!!
 ∆!!,!"‡ !/̌ɬățƂ>˞ɋțƂ+ʅ@̀.ȗňˬĭî, ∆!!,!""‡ /ɬățƂ>˞ɋțƂ+
ʅ@̀.ȗňˬĭî'	@.  
 Ȯ*@ɭŎȊţ.ˏƮ+@, ˓ţʵoa(kon6 / koff) DɭŎȊţ'å# Ʈ
Á.ŎƮ.udh+Ŏ,ť (11) 6 /ť (12) Dȥ
 ̌ɲūĕśÛǋ+=?, ∆!!,!"‡ 6 
/!∆!!,!""‡ DĈ9 ȗçľoa.ɚÚĀɾ(*@.  
  
Ę18. Eyringudh+=@ȗçľ  oa.ɚÚ(˞ɋțƂʥǋ  
A. ɭŎȊţ.ˏƮ+Ŏ@, ˓ţʵoaDɭŎȊţ'å# Ʈ.ŎƮ.udhD
(@. ƾŒǶ'ǰ9>A ȸɲ.YÜȘ(Å>ûŷɣ (aoSʽ˵ȹ±ȥ) .Ǽ
ŻîLhrΔS‡(ǼŻîLarΔH‡DɚÚ@('@. 
B. A(Bʝă°ABDūƆ@ûŷɣ1(2+@ǼŻîLar.ʥǋ³. ûŷɣ1, 
2(:+ŞʙțƂ+@Larĭî (ΔH) /Ą'	@, 2/ɬă+@ǼŻî
Lar (ΔH‡on) Œ
, $6?ɬă+@Lar́ī¯
(C@. 
A B 
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ƳǶ 
283 – 308 K (10 – 35 °C) +
&, hACĭȮ°( GA module. HSA+Ŏ@ KD, kon, koffD
âˌ.ƳǶ'Ǳł . ȹ±ȥ+@ GibbsʄȧLlRĭî (ΔG), Larĭ
î (ΔH), Lhrĭî (ΔS), ȗňˬĭî (ΔCp) / van’t Hoff udh+@̌ɲūsH
dfHT>ɚÚ  (Ę 19A, B). ˞ɋțƂ+Ŏ@ʄȧLlRĭî (ΔG‡on, ΔG‡off), 
Larĭî (ΔH‡on, ΔH‡off), Lhrĭî (ΔS‡on, ΔS‡off), ȗňˬĭî (ΔCp‡on, ΔCp‡off )
/, ĂȊţ+@ kon, koff> Eyring ʥǋ+=#&ɚÚ  (Ę 20). van’t Hoff udh, 
Eyringudh+Ŏ@̌ɲūsHdfHT/ť (7), (11), (12) Dȥ
&ʖ# .  
 
ɬǍ(ɷō 
 hAC_15m( HSA˵.ȹ±ȥ+@Larĭî(ΔH) /–37.74 kJ/mol, Lh
rĭî(–TΔS ) = 3.82 kJ/mol'	#  (Ę 19C). .ɬǍ/, ɸ.ɬă+Lar
ŉ&
@(DɄ&
@. hAC_15m(T36S), hAC_15m(E41N) +
&/, ɬă+(#
&ƿß*Larĭî.Īı(ɬă+(#&ß*Lhrĭî.ĪıDʤȋ,   
LarLhrʛÈDɄđ@ȟʹʤȋA [38]. ûŎ+ , 
hAC_15m(T36S/E41N) '/, ɬă+(#&ƿß*Larĭî(LhrĭîDʤ
ȋ  (ΔH = –29.43 kJ/mol, –TΔS = –10.41 kJ/mol). Ąǝ+, GA module( HSA˵.ȹ±ȥ
+
&:ɬă+
&ƿß*Larĭî(LhrĭîDʤȋ  (ΔH = 
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–21.82 kJ/mol, –TΔS = –29.20 kJ/mol).  A/, ŞʙțƂ+@ hAC_15m(T36S/E41N).ɬă
ǝť GA module.ɬăǝť+̗­&
@(DɄđ&
@:.'	?, ˪ĭȮ+=
@ kon2.Zj[ìǍ+:˶˕	@:.(ɷ>A@. 
Eyringť+Ĥ%˞ɋțƂʥǋ'/, hAC_15m(T36S) ɬă.Lhr́ī (–TΔS‡on)
D¯, hAC_15m(E41N) ɬă.Lar́ī(ΔH‡on)D¯&
@(ÞƸ
  (Ę 21). ɸ.ĭȮDőÏ hAC_15m(T36S/E41N) '/, T36SĭȮ+=#&ɬă.L
hr́ī (–TΔS‡on) ¯,  T36S ĭȮ+=#&ȣ@ɬă.Lar́ī
(ΔH‡on) .ĪéD E41N ĭȮƎˊ8ū'ɬă.ǼŻîLlRD¯&
  (Ę
21). A+=?, ˪ĭȮ.őÏ+=#&ȣ Zj[ìǍ/, ɸ.ĭȮȹʛȵ+ɬă
.Lhr́ī=1Lar́īD¯ ɬǍ'	@(ÞƸ . .
Ûĺʵȵg(&/, T36SĭȮ (ɖ 5ɓ+&ȗŀłŻDĆ ĭȮ) / hACĭȮ°
.ǜ˔Dŀł@('ɬă+@Lhr\DˇȈ@(+ŉ, E41N
ĭȮ/ HSA (̌Òƿɬă.ūƆD¸(+ŉ&
@(ɷ>A@. A>.Żʽ
ȹʛȵ+ɪ7ăC@(' hAC_15m+ʣĎŻD¤ (
gɷ>A@. 
Ǥ+, ˞ɋțƂʥǋ(ȗňˬĭîD:(+, hAC_15m(T36S/E41N)( GA module.ʣĎŻ.
˛
Dȣ7ÚöĖ+$
&ɷ 
. ɸ.˞ɋțƂʥǋ'ű>A@ȗçľȵoa
/ıȮ*#&?, Ț+ GA module+
&/ǼŻîLhr (–TΔS‡) ļě*

(ÞƸ (Ę 21C).  
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 6 , GA module-HSAȹ±ȥ.ȗňˬĭî (ΔCp) / hACĭȮ°-HSAȹ±ȥ(Ǭˈ
&ʺ.Áı
(
ɬǍű>A . hAC ĭȮ°-HSA ȹ±ȥ+@ȗňˬĭî
(ΔCp) /Şĝ –1.9 kJmol-1K-1Ɍţ'	?, ÓĞȵ*aoSʽ-aoSʽ˵ȹ±ȥ+
@ȗňˬĭî (ΔCp = –1.393±0.845 kJmol-1K-1) [39]+ˋ
Á'	# , GA module-HSA
˵ȹ±ȥ.ΔCp/ƿƀ+ı
ÁDɄ  (ΔCp = –4.03 kJmol-1K-1) (ʚ 2).  
 GA module–HSA ˵ȹ±ȥ+@ǼŻîLhr.ļě*
˞ɋțƂ, ı*
ʺ.ȗňˬĭî=?ɷ>A@ȟʹ/, GA module ( HSA .ɬă+
&aoSʽÛĺ
=1ǮĎǮ+
&Lhr\*
țƂ, *C"ɬăâ(ɬăů+˱ǜ˔
=1Ä˱ǜ˔+í*
˰(˰ɏg.ɬă, =1ɬăâ(ɬăů'Lhr
D¯*
ǮĎǮ.˦ɵ'	@. 6 , ʺ.ȗňˬĭî/+ɿǮĎ+ˀĖ&?, 
.ɿǮĎ/ɸ̌Ŝ+ȹʛŻ.̞
ɬăDūƆ@('ŦˀA :.'	@
(ɷ>A@. .ȹʛŻ.̞
˰(˰ɏg.ɬă, GA module :$̞
ʣĎ
Ż.ʞĖ'	@(ɷ>A@. 
 Ƴ, hAC_15m(T36S/E41N) '/, ˞ɋțƂ+@Lhr\Ȳȣ, 6 ȗň
ˬĭî.ı: GA module. 2.5Û. 1Ɍţ '	# . hACĭȮ°.±ʜƹȔ'ȗŀłŻ
ı¯&
@(>, ɬă+@Lhr\/, ˱.Ǐ˅Ż=1Ä
˱.˦Ć.˛
>ȣ6A&
@(ɷ>A@. 6 , ȗňˬĭîŒ
(>, HSA(
.ȹʛŻ.̞+˶&: GA module+/ùE'
*
(ơȋA@. 
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C 
Ę19.  hACĭȮ°=1GA module ar˵ȹ±ȥ+@ȗçľʥǋ  
A. hACĭȮ°–HSA˵ȹ±ȥ.van’t Hoff udh 
ť (2) Dȥ
&̌ɲūsHdfHTDʖ# . Ăudh/duplicate  (n = 2) .ŞĝÁDɄ.
square : hAC_15m, open square : hAC_15m(T36S), triangle : hAC_15m(E41N), open triangle : hAC_15m
(T36S/E41N). 
B. GA module–HSA˵ȹ±ȥ.van’t Hoffudh.  
C. ĂĭȮ°=1GA module-HSA˵ȹ±ȥ+@ʄȧLlR (ΔG), Larĭî
(ΔH), Lhr ĭî (–TΔS). Ln/̌ɲūsHdfHT+@LÁDɄ. 
C 
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Ę20. hACĭȮ°=1GA  module – HSA˵ȹ±ȥ+@Eyringudh  
A, B. ĂĭȮ°+@kon, koff.Eyringudh. Ăudh/duplicate (n = 2) .ŞĝÁDɄ.
̌ɲūsHdfHT/ť(11),(12)Dȥ
&ʖ# . C, D. GA module+@kon, koff.Eyringu
dh.!
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Ę21. hACĭȮ° -HSA˵ȹ±ȥ=1GA module-HSA˵ȹ±ȥ+@˞ɋ
țƂ  
A. ȹ±ȥ+@ǼŻîLlR, B. ȹ±ȥ+@ǼŻîLar, C. ȹ
±ȥ+@ǼŻîLhr. Ln/̌ɲūĕśÛǋ+@LÁD
Ʉ. 
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ʚ2. ŞʙțƂ+@ȗňˬĭî  (ΔCp) (˞ɋțƂ+@ȗňˬĭî  (ΔCp‡, on ,  ΔCp‡, off)  
         ΔCp       ΔCp‡, on   ΔCp‡, off 
              [kJ mol-1 K-1]                  [kJ mol-1 K-1]            [kJ mol-1 K-1] 
hAC_15m       -1.51±0.67  -0.51±0.08  1.32±0.25 
hAC_15m(T36S)       -2.08±0.63  -0.42±0.13  1.66±0.18 
hAC_15m(E41N)       -2.42±0.17  -0.33±0.07  2.21±0.10 
hAC_15m(T36S/E41N)       -1.56±0.21  -0.66±0.12  0.90±0.03 
GA module        -4.03±0.01  -0.46±0.42  3.56±1.30 
ΔCp /Ę 18+@ van’t Hoffudh=?ɚÚ,  ΔCp‡, on ( ΔCp‡, off /Ę 19+@ Eyringu
dh=?ɚÚ . u\|Ij\ʪā/̌ɲūĕśÛǋ+@LÁDɄ. 
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ɖ 7ɓ hACĭȮ°, GA module˵.ɕăʮ̝ 
 
Ǜʞ 
 GA module/ SA. II A-BiI+ɬă, SA. FcRnɬăXIh+/®ɵ&
*
 
[19], [20]. FcRn/ɖ 1ɓ'ˌ3 =+, SA( IgG.ʕȏȫƹ˵DɯƗ@'˪ʞ*
þň°'	@ [11]. ǅȿɐ'gYI aoSʽ. HSA+ɬă@˥® GA module
.ɬăXIh(Ąǝ'	@DɃ9@ 9+, GA moduleDęłî ^XcduD
ȥ
& SPRȋłDßȥ ɕăGd^IDʖ# .  
 
ƳǶ 
SPRȋłDßȥ ɕăGd^I/, Viht>.ƳǶ+Ű#&ʖ#  [40]. ˸Ňã (0.1 nM-
400 nM GA module6 / 1 nM – 4 µM hAC_15m(T36S/E41N)) ( 10 nM. HSADȄă, 
4 °C 'ɩİ̋ɵ&Şʙî . Şʙî ʮưD, 1000 RU. GA moduleDęłî 
CM5^Xcdu+ 180Ɋ˵I[KSh, ˸ŇãȒţ(.ɬă\{\Dud
h . ˸ŇłƮ(Ki) /ʪ.ť>ɚÚ . 0.1 nM – 10 µM hACD˸Ňã.lPfHtW
h( .  
 
!  
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(13) 
 Y= A − Ki − 10log⁡(I)2 + 10log⁡(I) − A+Ki 2+Ki×A2 × Ymax − YminA +Ymin 
 
' Y/ɬă\{\, Ymax( Ymin/sHdfHTť+@ɬă\{\.ƾı
Á(ƾŒÁDɄ. A/Ȅă HSA.Ȓţ, I/˸ŇãȒţ, Ki/˸ŇłƮDɄ. Igor Pro 
5.03JDȥ
&̌ɲūĕśÛǋDŃƴ .  
 
 
ɬǍ(ɷō!
GA module( HSADȄă ʮư'/, GA moduleDęłî ^Xcdu' GA 
module Ȓţµļȵ+\{\¯@(DɃʰ . Ki/ 3.51 nM'	# . A+
=?, ^Xcdu+ęłî GA moduleȎȂ. GA module(Ąǝ. HSAɬă
XIhD:$(ɃʰA . ɮ
&, hAC_15m(T36S/E41N) ( HSADȄă ʮư+

&Ąǝ.Gd^IDʖ# (B, hAC_15m(T36S/E41N) Ȓţµļȵ+\{\¯
&
(DɃʰ . Ki/ 480 nM'	# . *, hACDȄă ʮư'/ hACȒţµ
ļȵ+\{\¯&
*
(>, hAC_15m(T36S/E41N) Ȓţµļȵ*\{
\.¯/ , hAC .Ƨĭ+=#&ȣ :.'	@(ɄA (Ę 22). ¦=? ,  
hAC_15m(T36S/E41N)  GA module(Ąǝ. HSAɬăXIhDƊƿ&
@(ɄA
 .  
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!!  
Ę22.  GA module – HSA˵ȹ±ȥ+Ŏ@ɕă˸Ň  
GA moduleDCM5^Xcdu+ęłî (ɤ1000 RU) , 1 nM – 4 µM.
hAC_15m(T36S/E41N) (open square)(10 nM.HSADȄăŞʙî G
jIh.\{\Dȋł . {[fHtWh(&, 0.1 –
 400 nM.GA module (closed square),lPfHtWh(&0.1 nM
 – 10 µM.hAC (triangle, dashed line) DȄăŞʙî GjIh.
\{\Dȋł . udh+Ŏ@sHdfHT/ť (13) +Ĥ%
̌ɲūĕśÛǋ+=#&ʖ
, KiÁDɚÚ .  
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ɖ 8ɓ hACĭȮ°, GA module. in silico ÍȰöŻʭ¶ 
 
Ǜʞ 
 ǜ˔IsM|fHS\+Ĥ%
& GA module. HSAƠʦǧĤDɋǖ, >+ɬăǧ
ĤDˍé@(' HSA2.ʣĎŻDũî phĞaoSʽ hAC_15m(T36S/E41N) /, 
aoSʽïʑ.ʕȏȫŻĆ+ŵʞ(A@ HSA2.ɬăçD:", ɬă˥®: HSA
. GA moduleɬă˥®(Ąǝ.®ɵ'	@(ɃʰA . *>, ăʨ' hAC.
17ǧĤƧĭ.Ŏʹ(*#&?, ĭȮőÏ+=#&ÍȰûŷ+ŉ@̒ġƲ +ȣƆ
A (ƅŸA@. 
 ÍȰöŻDʭ¶@ƳǶ(&, in vivoʕƏʮ̝	@, in vivoʕƏʮ̝/, p
haoSʽDw\(&ʫʨA phĞaoSʽD|J\+Ə@ū(*?, |
J\'ǗÚA ÍȰûŷ hACĭȮ°+=@:.'	@, ǅǈȵ+phaoSʽDƏ
 (+=@:.'	@DÞƱ@(/ė̇'	@. 
 A>.ɼƺ=?, ǅɓ'/, hAC_15m(T36S/E41N) .ÍȰöŻD in vivoʮ̝Dȥ
@
(*ʭ¶@ 9+, hAC_15m(T36S/E41N) . TɨɽLrhuDWra'ȋ
@ in silico ÍȰöŻʭ¶Dʖ(( . 
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ƳǶ(öȡ 
aoSʽïʑ+@ in silico ÍȰöŻʮ̝ 
 in silicoÍȰöŻʮ̝/+ TɨɽLrhuDȋ@ƋǶ [41], BɨɽLrhuD
ȋ@ƋǶ [42] +ıÛ>A@. TɨɽLrhuȋ+
&/, ɨɽÕ'ĪǨ@
JH\ɘŎʹ(*@ʞɪɴ˝ăʝă° (MHC) S\ I( CD8˽Ż Tɨɽ.ȹ±ȥ
DŎʹ+ :.( [43], ɨɽĮǫɦɘŎʹ(*@ MHCS\ II( CD4˽Ż Tɨɽ.ȹ
±ȥDŎʹ+ :. [44] +Û>A@. ǅȿɐ+
&ʫʨ  ŘaoSʽ/ɨɽ
Į.Ɛö(7*A@ĀɾŻ	@ 9, MHCS\ II( CD4˽Ż Tɨɽ.ȹ±ȥ
ȋŎʹ(*@.  MHCS\ II( CD4˽Ż Tɨɽ.ȹ±ȥ+@ TɨɽLrhu/, 
1) ƐöƢɄɨɽ (APC) +=@ý?ˊ7(ȁî, 2) ƐöȁîA&' Ɛöxuci(
APCÕ. MHC II .ʝă°ūƆ, 3) Ɛöxuci-MHC IIʝă°. CD4˽Ż Tɨɽ2.ƢɄ, 
(
u^\+
& Tɨɽʰʷ@Ɛöxuci.˦ÝDƘ [45] (Ę 23). !, 
MHC II – CD4˽Ż Tɨɽ.ȹ±ȥDŎʹ( in silico TɨɽLrhu.ȋ+

&/, ʰʷǣǜʝ̅*Ɛöxuci – MHC II( Tɨɽ˵.ʰʷ'/*, Ɛöxuci(
MHC II.ʝă°ūƆDȋ@(ǽ'	?, TɨɽLrhu.ȋ/ MHC IIɬă
̒ġ.ȋ(Ąɶ'	@(
@.   
 BɨɽLrhu/, Ɛöxuci – MHC IIʝă°+=#&ǼŻîA voTɨɽ 
(CD4˽Ż Tɨɽ) >àȐDþ@('Ɛö+Ŏ@Ɛ°ȤȣDʖ BɨɽƐöDý
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?ˊ8̀+ Bɨɽþň°ʰʷ@̒ġ.('	@ (Ę 23). MHC(.ʝă°ūƆ(/Ȯ
*?, Bɨɽ+=@ʰʷ+/Ɛö.˦Ý!'*ɒ°ǜ˔:ı˶·@(>, ɒ
°ǜ˔Ƹ*Ɛö+Ŏ@ BɨɽLrhu.ȋ/=?̇
(A&
@ [42]. hAC
ĭȮ°+˶&/ɒ°ǜ˔+Ĥ%
 BɨɽLrhu.ȋ/ė̇'	@ 9, ǅȿɐ+
@ hACĭȮ°. in silicoÍȰöŻʮ̝'/ TɨɽLrhuȋDŃƴ@((
 .  
 
 
 
 
  
Ę23.  Ɛöʰʷ+@TɨɽLrhu(BɨɽLrhu  
(1) ƐöƢɄɨɽ (Ǡțɨɽ) ƐöDý?ˊ7, ɨɽÕ.ȁîDɫ&Ɛöxuci-MHC II(.
ʝă°DvoTɨɽ+ƢɄ@. Ɛöxuci-MHC II ʝă°/voTɨɽ.Tɨɽþň
°D¢&ʰʷA, voTɨɽǼŻî@. .Tɨɽþň°.ʰʷ+ŵʞ*Ɛöxuc
iDTɨɽLrhu(
. (2) Ƴ, Bɨɽ+
&:Ɛö.ý?ˊ7(ƢɄʖCA&?, 
Bɨɽþň°(ɬă ƐöBɨɽ+ý?ˊ6A, ɨɽÕ.ȁîDɫ&Ɛöxuci-MHC II 
ʝă°(&ǼŻîA voTɨɽ+ƢɄA@. .Bɨɽʰʷ@Ɛö.̒ġDBɨ
ɽLrhu(
. (3) ǼŻîA voTɨɽ/Bɨɽ+ƢɄA Ɛöxuci-MH
C IIʝă°Dʰʷ@(', Bɨɽ+ŎXIhOIDÛǵ@. (4) ǼŻîvoTɨɽ
>àȐDþ Bɨɽ/Ɛö+Ŏ@Ɛ°DɚÚ@. 
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TɨɽLrhuȋ+@ ConsensusǶ 
 TɨɽLrhuȋ+/ MHCS\ I( MHCS\ IIŎʹ.:.+Û>A@
âˌ.ȡȧ=?,  MHCS\ IIDŎʹ( ȋDʖ(( . TɨɽLrhu.
ȋe+/, Immune Epitope Database (IEDB) . T Cell Epitope Prediction ToolsDȥ
 [46]. 
.e/, ˙÷+ĥĊA&
@ TɨɽLrhuȋǶDɪ7ăC@ ConsensusǶ
+Ĥ%
 ȋDʖ:.'	@. T Cell Epitope Prediction Tools +@ ConsensusǶ/, T
ɨɽLrhuȋe'	@ NN-align [47], SMM-align [48], Combinatorial peptide 
scanning library, Sturniolo [49], NetMHCIIpan [50].*>º̔Ż.̞
 3ɍ̗.eD˟
Ƒ, ˟ƑA 3ɍ̗.e+@ MHC(Ɛöxuci˵.ɬăç+˶@\WG
.ĴÁDƞȥ@ƳǶ'	@ [44]. ConsensusǶ/LrhuȋǶDòȜ'ȥ
 Ħă
(Ǭˈ&, ɍ. HLA (phȴʕȠĞƐö = ph MHC) Ğ+Ŏ@ȋɡţĆ 
(Ƀ9>A&
@ [44]. ph:$ HLAĞ+/ǅʽȵ+įǝŻ	@, ɍ. HLA 
Ğ+ŎȋɡţD̞9&
@ ConsensusǶ/, ǝ*ph+@Ɛö.ÍȰöŻDȋ
@'ƿì*ƋǶ'	@(
@.  
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ȋŎʹ(Lrhuxuci.Þł 
 ǅɓ'/, T Cell Epitope Prediction Tools+
&Lrhuxuci(.ʣĎŻDȋ
@ HLAĞ(&, HLA-DRB*0101, HLA-DRB*0301, HLA-DRB*0701, HLA-DRB*0801, HLA-
DRB*1101, HLA-DRB*1301, HLA-DRB*1501Dȥ
 . A>. HLAĞ/ ̗. 95 %DO
n@ɪ7ăC'	@ [51]. Ɛö+@ T ɨɽLrhu.ȋŎʹ/
hAC_15m(T36S/E41N) .ƧĭəƊ(ƧĭəƊ.âů 15ǧĤDĈ8̒ġ (21–73) =1 hAC 
(21–73) ( . hAC_15m(T36S/E41N) .̒ġD˹ł ȡȧ/, HSAɬăǧĤDőÏ@
('Ʋ +ȣ ˦ÝÍȰöŻD:$ĀɾŻDǗʬ@ 9'	@.  
 Ă HLA Ğ(Lrhuxuci(.ʣĎŻȋ+
&/, aoSʽ.G}m˩˦Ý
D 15-mer . Overlapping xucisTh (³0, ǧĤȭā 1 – 15, ǧĤȭā 2 – 
16,.xuci) +Û, AA. 9 – merWG̒ġ:$ MHC2.ʣĎŻDâˌ.
5 $.e'ȋ . 5 $.e."ƾ:º̔Ż.̞
 3 $.e.ȋ\WG
.ĴÁD consensus percentile rank (CPR) (
\WG(&ƞȥ  (Ę 24). *, CPR\
WG(ȋeɚÚ raw \WG=1 IC50/ĭƣĀɾ'	?, ǅɓ'/ CPR \W
G> IC50DɚÚ, IC50 < 1000 nM(ȋA xuciDLrhu(&Þł . *
, CPR \WG(&ƞȥA ȋe Sturniolo Ƕ'	# Ħă, IC50/ɚÚA*

 9ɬăç.Þł+/ raw scoreDßȥ, Sturniolo+ʪ˯A&
@ga^dh."
® 2 %. raw scoreɚÚA xuciDLrhu(&Þł . 
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Ę24.  ConesensusǶ+=@TɨɽLrhu.Þł  
ConsensusǶ/IEDB.T Cell Epitope Prediction Tools Dȥ
&Ńƴ . 7ɍ̗.HLAĞ (S\II) 
DŎʹ+, ƐöD15–mer.Overlappingxuci+Û, ..9–merWGxuci(HLA˵.
ɬăçD˙÷+˴ȲA 5$.e'ȋ . .>º̔Ż.̞
ɬǍDÚ 3ɍ̗
.eD˟Ƒů, ĂscoreDɚÚ . 3$.score.ĴÁDConsensus Percentile Rank (CPR) scor
e(&ƞȥ . CPR score/Ăe.raw score=1IC50(Ŏŷ&?, CPR\WG>Ă
xuci(HLA.ɬăçDȋ@('@ ( !, Sturniolo/raw score.7). IC50 < 1000 
nM 6 /Sturniolo+ʪ˯A&
@ga^dh+@®2 %¦Õ.ɬăçD:$(ȋ
A xuciDLrhu(&Þł .  
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ɬǍ(ɷō 
hAC, hACĭȮ°, ABD, GA module+@ TɨɽLrhu.ÛŚ 
  ȋ. IC50 < 1000 nM 6 / Sturniolo. raw scorega^dh.® 2 %¦Õ(Þ
łA ĦăDĤȍ(&, hAC, hAC_15m(T36S/E41N), Protein G ABD, GA module. Tɨɽ
Lrhu.ÛŚDʥǋ  (Ę 25). hAC (21 – 73), hAC_15m(T36S/E41N) (21 – 73), Protein G 
ABD, GA module.Lrhu Ʈ/AA 7, 17, 22, 15'	?, hAC_15m (T36S/E41N) .
LrhuƮ˫ȣĞ. hAC(Ǭˈ&Īé&
@(ȋA .   
  , Protein G ABD(Ǭˈ@( hAC_15m(T36S/E41N) .LrhuƮ/œ*, ʝƮ
. HLAĞ+Ŏ&ɬăĀɾ*Lrhu (u}\Q\Lrhu)  DĈ9 HLAɬă
Ʈ+$
&:œ*
(ȋA . HLAɬăƮœ*
(/ƐöƢɄɨɽ+@ƐöƢ
Ʉ.ǣªœ*
(DƀČ&?, hAC_15m(T36S/E41N) / Protein G ABD(Ǭˈ&
ƐöƢɄ.ǣªœ*
, *C"Ɛ°ȤȣD/9( ÍȰûŷDſˀ@\S¯

(ǁŮ'@.  
  6 , GA module(Ǭˈ@( hAC_15m(T36S/E41N) .LrhuƮį
(ȋA 
, u}\Q\Lrhu. HLAɬăƮ+$
&/ GA module.Ƴį
(ȋA
 . u}\Q\Lrhu/ƐöƢɄ.ǣªį
̒ġ'	@(ȼ>A&?[52], 
ȮɍaoSʽ.¯ÍȰöŻî;Scʫʨ+
&ǸȷA&
@̒ġ'	@.  
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#&, hAC_15m(T36S/E41N) /ƐöƢɄ.ǣªį
̒ġ GA module=?œ*, GA 
module(Ǭˈ&:ÍȰöŻ.\S¯ȈA (DǁŮ'@. 
 
 
 
  
 
 
  
Ę25.  hAC, hAC_15m(T36S/E41N), Protein G ABD, GA module.ȋ.TɨɽLrhu.
ÛŚ  
  IEDB.T Cell Epitope Prediction Tools Dȥ
&, ĂaoSʽ.15-mer overlappingxuci.9-
merWG(7ɍ̗.HLAĞ (S\II) .ɬăçDȋ . IC50 < 1000 nM 6 /Sturniolo+ʪ˯
A&
@ga^dh+@®2 %¦Õ.ɬăçD:$(ȋA xuciDTɨɽL
rhu(&Þł . 1ɍ̗.HLA(ɬă@Lrhu/ɱʉ, 2ɍ̗¦.HLA(ɬă
@Lrhu/Ǣʉ, 3ɍ̗¦.HLA(ɬă@Lrhu/ʿʉ'Ʉ . hAC_15m(T36S/E
41N) .˦Ý+@ʿĻ/hAC+ĭȮDőÏ ˥®DɄ. 
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ɖ 9ɓ ɰƖ 
 
 ǅȿɐ'/, aoSʽïʑ.ʕȏȫŻDƧĔ@Ûĺ(&ƿȥ'/	@, ƐöŻ
ɃʰA&
@ɨʌȧǈ. SA ɬăiID¥ƽ@ÛĺDű@(Dȷȵ( . 
*ȿɐƋǶ(&/,  Finegoldia magna. HSAƠʦǧĤDphaoSʽ+ɋǖ@Ûĺ
TsfHTDŃƴ@(', ɨʌȧǈ. SA ɬăiI.ɬăǝťDǟÀ  Ř
phĞaoSʽDű@(Dʮ7 . ǅɓ'/, .˙Ɍ'ű>A ȼʟDɰƖ, ɷōD
ʖ
 
. 
 ɖ 2 ɓ>ɖ 3 ɓ'/, GA module . HSA Ơʦ˥®'	@ 2 ǅ.vdS\(̗­ 
˱ǜ˔D:$phaoSʽ hAC DŎʹ+, Ð&. HSA ƠʦǧĤDɋǖ ĭȮ°
hAC_18mD±ʜ . nMNb.ɬăçD:$ GA module(Ǭˈ& hAC_18m. HSA
+Ŏ@ʣĎŻ/̌Ŝ+ŧ
:.'	# . 222 nm.ǘÖȞ.ĭîDƘǞ( ȗŀł
Żʥǋ+=?, hAC_18m/ hAC(Ǭˈ&ĭŻȔȊţ (Tm) ɤ 11 K (Uq) ¯&

 (>, ʣĎŻŧ
öĖ/ĭȮőÏ+=@ǜ˔.ŀłî+	@(ɄđA . 
 ɖ 4ɓ'/, ĭȮőÏ+=@ǜ˔.ŀłîD˷ 9+, ȎĹƠʦ̍Ɏ (ASA) Ǭ.ɚÚ
(ĭȮőÏ+¬sMgHTʄȧLlRĭî (ΔΔG) .ȋD:(+, hAC+őÏ
@ HSAƠʦǧĤD˟Ƒ . ˟ƑA 15ǧĤDɋǖ hAC_15m. HSA+Ŏ@ʣ
ĎŻ/ʥ̆łƮ KD = ɤ 1 µM Ɍţ6'Ć (ɃʰA . .ʣĎŻ.Ćŀł
Ż.Ć+=@:.'	@DǗʬ@ 9+, CD\xSh.ȋł, ȗŀłŻȋłDʖ#
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 , hAC_15m( hAC_18m+
&/ı*ĭîɃʰA*# ..ɬǍ/, ɋǖǧ
Ĥ.˟Ƒ'/, ȗĭŻȊţDƷ@+/ʅ>*# , hAC_18m'7>A ŕƊǜ˔
.ŀłŻDƎ (ʣĎŻ.Ć+$*# (DƀČ&
@(ɷ>A@.  
 ɖ 5ɓ'/, hACĭȮ°.ʣĎŻDaoSʽïʑ.ʕȏȫƹ˵Ť˲+ƿì*ũţ+Ć
@ 9, GA module=1 Protein G ABD. HSAɬăǧĤD 1ǧĤ$őÏ@ƃ˪
*ƧĭDʖ# . .ɬǍ, 2$.ĭȮ (T36S, E41N) Dɪ7ăC@(+=?, aoSʽ
ïʑ.ʕȏȫƹ˵Ť˲+ƿì*ɬăçD:$ĭȮ° hAC_15m(T36S/E41N) Dýű@
(' . .ɓ'/, HSA +Ŏ@̌ƠʦǧĤ'	@ E41N .Ƴɬăç+Ŏ@ŉ
ı
(ɃʰA . 6 2$.ĭȮDɪ7ăC@(', 1$.ĭȮ+=@ìǍD
˂ăC :.=?:ı
, 
C<@Zj[ìǍDɃʰ . A>.ȟʹ/, ˙÷+
ĥĊ	@:.., Ʋʠ.ɬăaoSʽDʫʨ@̀+ʟɎ:@(̇, ¡ů.a
oSʽʫʨ+
&ɷƄ3ʴ̕. 1$'	@(
@. 
 6 , ĂĭȮ°.ȗŀłŻʥǋ+=?, ĭȮ°˵.ȗŀłŻ/ıĭC>*
(Ƀ
ʰA . A/ 1 ǧĤ$ƃ˪+ɬăǧĤDÏA&
Ƨĭƿì'	@(DɄ&

@. Ƴ, T36S (
ĭȮ/ΔΔG.ȋ'ŀłî@(ʟɎ:>A&
 , Ń̀/ȗŀ
łŻD&
@(ÞƸ . ǅȿɐ+
&/, ˱. FlexibilityDý?ÏA@('
Œ
Ä˱>ı*Ä˱2.ĭȮ+Ŏŷ ŀłŻĭîȋDʖ Eris server+=@ȋ
ɬǍ.7Dßȥ , ʇȵ+ΔΔG .ȋɡţ/ȟǩ˿'/̞* [53], ɍ̗.ƋǶ
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+=@ȋɬǍD:(+ Ƨĭ'/ǜ˔ŀłîDɡţʈʖ(ė̇'	# (ɷ
>A@. ˱. FlexibilityDɷƄ@.'	A0ÛĺíçľZ}Zɘ, £.ƋǶ
DĄƹ+ý?ÏA@(', =?ɡţ.̞
ǜ˔ŀłŻĭîȋ(ǜ˔ŀłî+Ć Ƨĭ
Dʖ(' ĀɾŻ	@. 6 , Ĥǅȵ+ΔΔG .ȋ/ 1 ǧĤ.ĭȮ+Ŏ@:.
'	?, Ąƹ+ʝƮǧĤ+ĭȮÏ# Ħă.ȋɬǍ/ĂĭȮ.ȋÁDéɚ ɬǍD
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